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Complete protection single mils thick. 


Amercoat No. will cut your maintenance costs because 
one coat gives you the thickness and protection previously 
available only through the application multiple coats. 


Amercoat No. the brand new solution old 
problem, for combines the time-tested chemical and 
weather resistance with the extra thickness that 
was heretofore available only conventional mastics. 


Amercoat No. easily applied with standard industrial 
spray equipment. Only one cross-spray coat, over primed 
surface, required for complete protection. Because 
Amercoat No. true vinyl, not limited black, 
but available variety colors. 


You can save 50% your labor costs with Amercoat’s 
new mastic No. 87. will pleased send 
you bulletin describing this new coating detail. 


Protected with 
Notice that the sharp bolt threads, welds Amercoat 


and sharp corners are completely 


protected with one coat 
Amercoat No. mils thick! 


CORPORATION 


Dept. 
4809 Firestone Blvd., 
South Gate, California 


EVANSTON, ILL. KENILWORTH, N.J. JACKSONVILLE, FLA. HOUSTON, TEX. 


Covered with 
primer only 
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from TUBE-KOTE world’s largest 
applicators plastic linings for 
oil field pipe! 


Home TK-2 

plastic linings now 

service more than 
12,000,000 feet oil field pipe. 


Big things are happening out Tube-Kote’s 15-acre plant 
Houston. New equipment being installed new build- 
ings...new automatic spray guns...new electrically- 
controlled bake ovens more capacity provide faster 
service supplying the finest type plastic linings for pipe 
and other tubular goods. 


Plus the new plastic coating facilities, there’s big quan- 
tity price discount that will cut your pipe lining cost! 


So, the good news Tube-Kote that you can have your 
pipe lined with TK-2 plastic special corrosion- 
resistant formula exclusive with Tube-Kote days faster, 
and for less money than ever before! 


Mail coupon today for details about TK-2 
plastic linings and the new price discount. 


TUBE-KOTE, INC. 
Box 20037 
HOUSTON 25, TEXAS 


Please send information about TK-2 plastic lin- 
ings and your recent price discount. 


BOX HOUSTON 25, TEXAS 


Title 


Plastic pipe for the oil industry. Factory trained, field Address tate 
available for consultation all principal oil areas. 
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announcing 


GALVOMAG 


Dow’s new high potential anode 
cuts cost corrosion protection 


short 
cul 


bi. 
Huc 
Fre 
Ken 
new GALVOMAG anodes the job conventional 
reduce your original investment and installation cost, 
Let’s take new look cathodic protection. new addition, economical protection high resistiv: soils 
high potential anode, called has more now achieved. greater 
current output than conventional anodes. extends its use into ranges previously for 
magnesium 
put another way—4 anodes now the work Your Dow anode distributor ready with all facts 
easy see why your installation costs time Call him today. DOW 
labor will down proportion. CHEMICAL Midland, Michigan. 
a 
DISTRIBUTORS: ANTI-CORROSION MFG. PROTECTION SERVICE, Houston, Texas CORROSION SERVICES INCORPORATED, Tulsa, 
2 
Foreign te 
express 
S. for 


you can depend DOW MAGNESIUM ANODES 
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MONTH COVER—When storm caused 
circuit, substation outage caused 
estimated 2000 amperes flow 
this 8-inch cast iron water main 
crossing right angles one inch 
The resulting arc penetrated the main 
Note splatter and remains 
puddled metal. 
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CANADIAN REGION 


R. J. Law, Director, The In- 
ternational Nickel Co. of 
Canada, Limited, 25 King 
St., W., Toronto, Ontario. 

L. W. Shemilt, Chairman, Uni- 
versity of B. C., Vancouver, 
B. C., Canada. 


T. R. B. Watson, Vice Chair- 
man, Corrosion Service Ltd., 
21 King Street East, Toronto, 
Ontario, Canada. 


K. N. Barnard, Secretary- 
Treasurer, Defence Research 
Board of Canada, 75 Victoria 
Road, Dartmouth, N, S. 


Edmonton Section 


Frank W. Hewes, Chairman; 
Canadian Protective Coating 
Ltd., 9336- 91st Street, Ed- 
monton, Alberta, Canada. 


G. L. Spackman, Vice Chair- 
man; Imperial Pipe Line Co., 
Ltd., 315 Alexandra St., Ed- 
monton, Alberta, Canada, 


Ww. G. Brander, Secretary- 
Treasurer, Northwestern Util- 
ities Ltd., 10124 104 Street, 
Edmonton, Alberta, Canada. 


Hamilton-Niagara Section 


H. W. Hyslop, Chairman; 
United Gas & Fuel Co., of 
Hamilton, Ltd., 82 King St. 
E., Hamilton, Ontario, Can- 
ada, 


urer; 
ada, Ltd., 
Wilcox Ave., 
tario, Canada. 


Wade, 
The 


Secretary-Treas- 
Steel Co. of Can- 
Hamilton Works, 
Hamilton, On- 


Montreal Section 


H. A. Hencher, Chairman; 
H. L. Blachford Limited, 997 
Aqueduct Street, Montreal, 
Quebec, Canada. 


A. W. Morgan, Vice Chairman; 
The G. R. Locker Company, 
874 Beaumont Avenue, Mon- 
treal, Quebec, Canada, 

E. P. Hersey, Secretary-Treas- 
urer; Milton Hersey Co, Ltd., 
980 St. Antoine St., Montreal, 
Quebec, Canada. 


Toronto Section 


T. R. B. Watson, 
Corrosion Service, 
King St. E., 
tario, Canada. 


Chairman; 
Ltd., 21 
Toconto, On- 


Colin Prescott, Vice-Chairman; 
Hydro-Electric Power Com- 
mission of Ontario, 620 
University Ave., Toronto, 
Ontario, Canada, 

W. G. Burks, Secretary; Trans- 
Northern Pipe Line Co., 696 
Yonge St., Toronto 5, On- 
tario, Canada, 


Stephen Kozak, Treasurer; 
Canada Wire & Cable Co., 
Ltd., Postal Station R., To- 


ronto, Ontario, Canada. 


Vancouver Section 


B. H. Levelton, Chairman; 
British Columbia Research 
Conncil, University of Brit- 
ish Columbia, Vancouver 8, 
B. C. 


Frank G. Mitchell, Vice-Chair- 
man; Ellett Copper & Brass 
Co., Ltd., 92 W. 2nd Ave., 
Vancouver 10, B. C. 


. D. G. Berwick, Secretary; 
British Columbia Research 
Council, University of Brit- 
ish Columbia, Vancouver, 
B,C, 


J. McLaughlin, Treasurer; 
Industrial Coatings, Ltd., 
1920 Main St., Vancouver 10, 
B. C. 


! 


tome 


SOUTH 


NORTH CENTRAL REGION 


W. R. Cavanagh, Director, 
Parker Rust Proof Company, 
2177 E. Milwaukee St., De- 
troit, Mich, 

George A, Fisher, 
International Nickel 
Inc., 810-411 N. 7th 
St, Louis 1, Missouri. 

William Kleefisch, 
Chairman, Nooter 
tion, 1400 S. 
Louis 4, Mo. 


William J. Ries, Secretary, 
Tretolite Company, St. Louis 
19, Mo. 


Chairman, 
Co., 
Street, 


Vice- 
Corpora- 
Second St., St. 


Chicago Section 


R. I. Lindberg, Chairman; Sin- 
clair Research Laboratories, 
Inc., 400 E. Sibley Blvd., 
Harvey, Il. 

W. Flournoy, Vice-Chair- 
man; 3216 Prairie Ave., 
Brookfield, Illinois 

R. S. Wise, Secretary; National 
Aluminate Corp., 6216 West 
66th Place, Chicago 38, Ill. 

R. B. Janota, Treasurer; Swift 
& Company, Research Labo- 
ratories, Chicago 9, Il. 


Cleveland Section 


T. S. Howald, Chairman; Chase 
Brass & Copper Co., Inc., 
1121 E, 260th St., Euclid 17, 
Ohio. 

R. C. Weast, Vice-Chairman; 
Case Institute of Technology, 
10900 Euclid Ave., Cleveland 
6, Ohio. 


L. H. Schwalm, Secretary- 
Treasurer; Ohio Bell Tele- 
phone Company, 820 Supe- 
rior Ave. N. W., Cleveland 
13, Ohio. 


Detroit Section 


E. V. Ivanso, Chairman; De- 
troit Testing Laboratory, 054 
Bagley Avenue, Detroit 26, 
Michigan. 

Norman A. Kerstein, Vice- 
Chairman; 16817 Robson, 
Detroit 35, Michigan, (De- 
troit Edison Co.) 


David L. Hill, Treasurer; Tim- 
ken Detroit Axle Co., 100-400 
Clark Avenue, Detroit, Mich- 
igan. 

R. P. Marshall, Secretary; 
Saran Lined Pipe Co., Saran 
Protective Coatings Co., 2415 
Burdette Ave. Ferndale 
(Detroit) 20, Michigan 
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Eastern Wisconsin 
Section 


Alexander McConnell, Chair- 
man, Geo. J. Meyer Mfg. Co., 
Box 452, Milwaukee 1, Wis. 


L. C. Wasson, Vice-Chairman; 
A. O. Smith Corp., 3533 N. 
27th St., Milwaukee 16, Wis. 


Harold F. Haase, Secretary- 
Treasurer; Corrosion Consult- 
ant, 2202 S. 28th St., Milwau- 
kee 15, Wis. 


Greater St. Louis Section 


William J. Ries, Chairman; 
Tretolite Company, St. Louis 
19, Missouri. 


Robert D. Sanford, Vice-Chair- 
man; Nooter Corporation, 
1400 South Second Street, St. 
Louis 4, Missouri. 


George T. Shutt, 
Shutt Process Equipment 
Company, 815 Glendower 
Drive, Kirkwood 22, Missouri. 


A. H. MacGregor, Treasurer; 
336 Hawthorne Avenue, Web- 
ster Groves, Missouri. 


Secretary; 


Kansas City Section 


A. Kelley, Chairman; 
Minnesota Mining & Manu- 
facturing Co., 4514 W. 78 
Terrace, Prairie Village, 
Kansas. 


3erringer, 
man; Panhandle Eastern 
Pipe Line Co., 1221 Balti- 
more Ave., Kansas City, Mo. 


Vice-Chair- 


L. Kimmell, Secretary- 
Treasurer; Tnemec Co., Ine., 
123 W. 23rd Ave., North 
Kansas City 16, Mo. 


Southwestern Ohio 
Section 


Walter Luce, Chairman; The 
Duriron Company, Inc., Box 
1019, Dayton 1, Ohio. 


Alfred D. Jenss, Vice-Chair- 
man; Ampco Metal, Ine., 
Roselawn Center Blidg., 
Reading & Section Roads, 
Cincinnati 87, Ohio. 


L. M. Lederer, Secretary; 
Inner-Tank Lining Corp, 1097 
Wade Street, Cincinnati, 
Ohio. 


R. L. Wood, Treasurer; Cincin- 
nati Gas & Electric Company, 
General Engineering Depart- 
ment, P. O. Box 960, Cincin- 
nati 1, Ohio, 


NORTHEAST REGION 


George E. Best, Director; 
Mutual Chemical Co. of 
America, 1348 Block St., Ba}- 
timore 31, Md. 

Edward G. Brink, Chairman; 
American Viscose Corp., Mar- 
cus Hook, Pa. 

E. Costanzo, Vice-Chairman; 
Manufacturers Light & Heat 
Co., 2202 Vodeli St., Pitts- 
burgh 16, Pa. 

J. E, Shields, Secretary-Treas- 
urer; 820 College Ave, 
Niagara Falls, New York. 


Baltimore Section 


John F. Oliveira, Chairman, 
Bethlehem Steel Co., Ship- 
building Division, Sparrows 
Point 19, Md. 

Luther O. Young, Vice-Chair- 
man, Davison Chemical Co., 
Div. of W. R. Grace & Co., 
Curtis Bay, Baltimore 26, Md, 

B. J. Philibert, Secretary- 
Treasurer, Olin Mathieson 
Chemical Corporation, Balti- 
more 3, Md, 


Central New York Section 


Andrew Kellogg, Chairman: 
Niagara Mohawk Power 
Corp. 300 Erie slvd. W. 
Syracuse, N. Y. 

F. C. Jelen, Vice-Cl 
Solvay Process Di 
Chemical & Dye Corp. 
cuse 1, N. Y. 

J. F. Richter, Secretar 
urer; Delrac Corp. P 
118, Watertown, 


irman: 
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Genesee Valley Section 


Orson J. Britton, C! 
Pfaudler Compa: 
West Avenue, 

John A. Temmerm 
Chairman; City of Rf 
242 Main St. W., F 

Nelson B. Carter, 
Treasurer; Eastma 
Co., Kodak Park W 
23, Rochester, N. Y 
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Greater Boston 


J. Dwight Bird, Chairm«n; The 
Dampney Compa 1243 
River, Hyde Park, B on 36, 
Mass. 

Murray M. Jacobso 
Chairman; Waterto: 
nal Laboratory, W 
72, Mass. 

Edward C. Rue, Se 
Treasurer; Bosto?r 
Company, 182 1% 
Street, Boston 12, M 


Vice- 
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mont 


Kanawha Valley Section 


George Orr, 
United Fuel Gas 
Box 1273, Charlest« 

J. M. Bates, Vice-C : 
Carbide and Carbon Chemi- 
cals Co., 437 MacCo Ave, 
South Charleston. Va. 

George W. Klohr, Secretary; E. 
I. duPont de & Co. 
Box 993, Charleston. \. Va. 

Conrad L. Wiegers, Treasurer; 
Allied Services, In« Spring 
& Bullitt Sts., Charleston, 
W. Va. 


man; 
ipany, 
Ww. Va. 
rman; 


Lehigh Valley Section 


Earl A. Erich, Chairman, 11 
Parkway Court, Allentown, 
Pa. 

Byron Godshall, Vice-Chalr- 
man; Ingersoll-Rand Com- 
pany, 309 N_~ 10th Street, 
Easton, Pa. 

Seymour C. Frve. Secretary: 
Treasurer; Bethlehem Steel 
Company, Bethlehem, Pa. 
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Metropolitan New 
Section 

J. be Febvre, Chairman; 
Elec'.o0 Rust-Proofing Corp., 
Box 78, Newark 1, N. J. 

Kulman, Vice-Chairman; 
Cons: |idated Edison Co. of 
N. Y. Inc., 4 Irving Place, 
New York 3, N. Y. 


R. H. icke, Secretary-Treas- 
urer; Esso Standard Oil Co., 
Box 222, Linden, N. J. 


Nicgara Frontier Section 
Williar R. Wardrop, Chair- 
man; Metal-Cladding Inc., 128 
Lake\iew Avenue, Buffalo 1, 


N, Y 
Dr. Wade Wolf, Vice-Chair- 


man; 59 Blacknon Road, 
Grand Island, N. Y. 
J. M. Fouts, Secretary-Treas- 


urer; New York Telephone 
Co., 63 E. Delavan Ave., Buf- 
falo 8, N. ¥. 


Philadelphia Section 


J. S&S Pettibone, Chairman, 
American Society For Test- 
ing Materials, 1916 Race St., 
Philadelphia 3, Pennsylvania. 

T. F, begnan, Vice-Chairman, 
E. I. du Pont de Nemours 
and Company, Chambers 
Wor! 701 West 22nd St., 
Wilmington, Delaware. 

$s, F. Spencer, Secretary-Treas- 


urer, Keystone Shipping 
Company, 1000 Walnut 
Stree Philadelphia, Penn- 
sylvania. 


Pittsburgh Section 

Wayne W. Binger, Chairman; 
Laboratories Alu- 
mint Company of America, 
Box 1012, New Kensington, 
Pa, 

William. G. Renshaw, Vice- 
Chairmnan; Allegheny Lud- 
lum steel Co., Brackenridge, 


L.G, Royston, Secretary; Roys- 
ton ‘.aboratories, Inc., 128 
First St., Blawnox, Pa. 

Wallac P. Treas- 
urer; Tank Linings, Inc., 246 
Wash ngton Rd., Pittsburgh 


Schenectady-Albany-Troy 


Section 
E. L. » mons, Chairman; Gen- 
eral leetric Co., Research 


Lab.. 1088, Schenectady, 
y 


John Klim, Vice-Chairman; 
N. 3. Telephone Co., 158 
State St.. Albany, N.Y. 

George Vv. Browning, Secretary- 
Treasurer; General Electric 
Co., | dustrial Materials Div. 

1 . r Road, Schenectady, 


New England 
Section 

F. M. Garry, Chairman; Sco- 
vile Mfg. Co., 99 Mill St., 
Waterbury, Conn. 

L. M. lasmussen, Vice-Chair- 
man; Manning Maxwell & 
Moore Inc.. 250 E. Main St., 

_ Stratford, Conn. 

Charles B. Chapman, Secre- 
tary-Treasurer; Hartford 
Electric Light Co., 266 Pearl 
S8t., Hartford, Conn. 


SOUTHEAST REGION 


Tait, Director; Alloy Steel 
Products Co., 76 4th St., N. 
Atlanta, Ga. 

Frank Putnam, Chairman; 
Anti-Corrosion Mfg. Co., 2464 
morial Dr., S.E., Atlanta, 


a. 
Stull, Vice-Chairman; 
Texas Gas Transmission Co., 
= W. 8rd St., Owensboro, 


y. 
Treasurer; Amercoat Corp., 
Box 2977, Jacksonville, Fla. 


Section 


Raymond F. Trapp, Chairman; 
3008 Bruce Rd., N. E., At- 
lanta, Georgia 


George M. Jeffares, Vice-Chair- 
man; Plantation Pipe Line 
Co., Box 1743, Atlanta, 
Georgia. 


Douglass T. Rosselle, Secre- 
tary-Treasurer; Southern Bell 
Telephone & Telegraph Co., 
Hurt Building, Atlanta, 
Georgia. 


East Tennessee Section 


James L. English, Chairman; 
223 Virginia Ave., Oak Ridge, 
Tennessee. 

Solon Walker, Vice-Chairman; 
East Tennessee Natural Gas 
Co., P. O. Box 831, Knox- 
ville, Tenn. 

Francois Kertesz, Secretary- 
Treasurer; Oak Ridge Na- 
tional Laboratory, P. O. Box 
P, Oak Ridge, Tennessee. 


Jacksonville 
Section 


H. E. Alexander, Chairman, 
Dozier and Gay Paint Com- 
pany, P. O. Box 3176, Sta- 
tion F., Jacksonville, Florida, 


T. W. Bostwick, Vice-Chair- 
man, City of Jacksonville, 
Plants Efficiency Depart- 
ment, Utilities Building, 34 
South Laura Street, Jackson- 
ville, Florida. 


A. B. Smith, Secretary-Treas- 
urer, Amercoat Corporation, 
P. O. Box 2977, Jacksonville 
Florida. 


Miami Section 


Nicholas O. Boutzilo, Chair- 
man; Peoples Water & Gas 
Co., Box 1107, North Miami, 
Florida 


Joseph B. Prime, Jr., Vice- 
Chairman; Florida Power & 
Light Co., Box 3100, Miami 
30, Florida 


Harvey B. Sasman, Secretary- 
Treasurer; Sasman Engineer- 
ing Co., Box 452, Miami, 
Florida 


Ohio Valley Section 


Lewis P. Aker, Chairman; 
Louisville Gas & Electrie Co., 
311 W. Chestnut St., Louis- 
ville 2, Ky. 

Thomas E. Brady, Vice-Chair- 
man; 2018 Sunset Drive, 
Owensboro, Ky. 


Richard F. Hafer, Secretary- 
Treasurer; Reynolds Metals 
Co., 2500 S. 3rd St., Louis- 
ville, Ky. 


Tidewater Section 


Ernest W. Seay, Jr., Chairman; 
The Chesapeake & Potomac 
Tel. Co., 120 W. Bute St., 
Norfolk, Va. 


Clinton H. Smoke, Vice-Chair- 
man; Norfolk Naval Ship- 
yard, Public Works Dept., 
Portsmouth, Va. 


George R. Sufsey, Secretary- 
Treasurer; Virginia Electric 
& Power Co., Box 329, Nor- 
folk 1, Va. 


SOUTH CENTRAL REGION 


Derk Holsteyn, Director: Shell 
Oil Co., Box 2527, Houston, 
Texas. 


J. E. Loeffler, Chairman; 
Thornhill-Craver Co., Box 
1184, Houston 1, Texas 

John W. Nee, Vice-Chairman; 
Briner Paint Mfg. Co., Inc., 
3713 Agnes St., Corpus 
Christi, Texas 


Directory NACE Regional and Sectional Officers 


E. C. Greco, Secretary-Treas- 
urer; United Gas Corp., Box 
1407, Shreveport 92, La. 

Jack P. Barrett, Assistant Sec- 
retary-Treasurer; Stanolind 
Oil & Gas Co., Box 591, Tulsa, 
Okla. 


Alamo Section 

W. W. Elley, Chairman; South- 
western Bell Telephone Co., 
302 Dakota St., San Antonio, 
Texas 


Carl M. Thorn, Vice-Chairman; 
Southwestern Bell Telephone 
Co., 105 Auditorium Circle, 
San Antonio, Texas. 


Cc. W. Tipps, Secretary-Treas- 
urer; City Public Service 
Board, Box 1771, San An- 
tonio 6, Texas 


Max F. Schlather, Trustee; 
United Gas Pipeline Co., Box 
421, San Antonio, Texas 


Central Oklahoma Section 


Clyve C. Allen, Chairman; An- 
derson Prichard Oil Co., 1000 
Liberty Bank Bldg., Okla- 
homa City 2, Okla. 


Loyd Goodson, Vice-Chairman; 
Oklahoma Natural Gas Co., 
213 N. Broadway, Shawnee, 
Okla. 

Clyde T. Norman, Secretary- 
Treasurer; Johns-Manville 
Sales Corp., 1116 Marlboro 
Lane, Oklahoma City 14, 
Okla. 


Dan H. Carpenter, Trustee; 
Sohio Petroleum Co., 1300 
Skirvin Tower, Oklahoma 
City, Okla, 


Corpus Christi Section 


John P. Westervelt, Chairman; 
Pontiac Pipe Line & Export 
Company, Box 1581, Corpus 
Christi, Texas. 


Raymond H. Pfrehm, Vice- 
Chairman; P. O. Box 1520, 
Alice, Texas, 


Paul Laudadio, Secretary- 
Treasurer; Briner Paint Mfg. 
Co., 3713 Agnes Street, Cor- 
pus Christi, Texas. 


Fred W. Hodson, Trustee; 
Johns-Manville Sales Corp., 
401 N. Toucahua Street, Cor- 
pus Christi, Texas, 


Houston Section 


J. A. Caldwell, Chairman; 
Humble Oil & Refining Com- 
pany, Box 2180, Houston 1, 
Texas. 


Alvan E. Richey, Vice-Chair- 
man; Cathodic Protection 
Service, P.O. Box 6387, Hous- 
ton, Texas. 


George D. Hall, Secretary- 
Treasurer; Thornhill-Craver 
Co., Inc., P. O. Box 1184, 
Houston, Texas. 


L. G. Sharpe, Trustee; 2202 
Munger Street, Houston 23, 
Texas. 


New Orleans-Baton 
Rouge Section 


Frank S. Bird, Chairman; The 
California Company, 800 The 
California Co. Bldg., 111 Tu- 
lane Ave., New Orleans, La. 


J. R. Matherne, Vice-Chair- 
man; Southern Bell Tele- 
phone & Telegraph Co., Com- 
munication Building, 1215 
Prytania Street, New Orleans 
13, La. 


Clifford L. Barr, Secretary- 
Treasurer; Shell Oil Com- 
pany, P. O. Box 271, Donald- 
sonville, La. 


Henry Allen, Trustee; Allen 
Cathodic Protection Co., P. O. 
Box 386, Harvey, La. 


North Texas Section 


Paul Fleming, Chairman; Gulf 
Oil Corp., P. O. Drawer 1290, 
Fort Worth, Texas 


E. H. Muehlhause, Vice-Chair- 
man; Lone Star Gas Co., 1915 
Wood St., Dallas, Texas 


Kenneth W. Robbins, Secretary- 
Treasurer; Otis Pressure Con- 
trols, Inc., Box 7206, Dallas, 
Texas 


J. Gordon Meek, Trustee; Metal 
Goods Corp., Box 7086, Dal- 
las 9, Texas, 


Permian Basin Section 

John C. Watts, Chairman, 
Humble Pipeline Company, 
Box 1390, Midland, Texas. 

Jay D. Stafford, First Vice- 
Chairman, National Tank 
Co., Box 665, Mildand, Texas. 

C. Michel, Second Vice- 
Chairman, Cardinal Chemi- 
cal, Inc., Box 2049, Odessa, 
Texas, 

Harold Winston, Secretary- 
Treasurer, 2725 N. Colonial 
Drive, Odessa. Texas. 

T. M. Newell, Trustee, Cardi- 
nal Chemical Co., Box 2049, 
Odessa, Texas. 


Rocky Mountain Section 


John F. Fugazzi, Chairman; 
Public Service Co. of Colo- 
rado, P.O. Box 840, Denver 1, 
Colorado 


William L. Scull, Vice-Chair- 
man; Colorado Interstate Gas 
Company, P. O. Box 1087, 
Colorado Springs, Colorado 
John R. Hopkins, Secretary- 
Treasurer; Protecto Wrap 
Company, 2249 So. Delaware 
St., Denver, Colorado 


Henry K. Becker, Trustee; 
Wyco Pipe Line Co., Box 
2388, Denver, Colorado 


Sabine-Neches Section 

R. P. Clarke, Chairman; At- 
lantic Refining Company, Box 
849, Port Arthur, Texas, 

Mack Abraham, Vice-Chair- 
man; Cities Service Refining 
Corp., Butadiene Plant, Lake 
Charles, La. 

Lee T. Dodson, Secretary- 
Treasurer; Metal Goods Cor- 
poration, Box 1229, Beau- 
mont, Texas. 

Chas. E. Huddleston, Jr., Trus- 
tee; Socony Paint Products 
Company, Box 2848, Beau- 
mont, Texas, 


Shreveport Section 

R. C. Jordan, Chairman; United 
Gas Pipe Line Co., Box 1407, 
Shreveport 92, La. 

G. V. Jones, Vice-Chairman; 
Arkansas Louisiana Gas Co., 
Box 1734, Shreveport 4, La. 

M. A. Luby, Secretary; Tretolite 
Company, Box 4094, Shreve- 
port, La. 

J. D. Bland, Treasurer; Tri- 
angle Pipe Line Company, 
Box 1795, Shreveport, La. 

W. F. Levert, Trustee: United 
Gas Pipe Line Co., P. O. Box 
1407, Shreveport 92, La. 


Teche Section 


R. S. Morcom, Chairman; Na- 
tional Aluminate Corp. of 
Chicago, 108 W. Lawrence, 
New Iberia, La. 

W. A. Fox, Vice-Chairman; 
Tuboscope, Box 142, New 
Iberia, La. 

fay Tuggle, Secretary-Treas- 
urer; 124 Evangeline Dr., La- 
fayette, La. 

Gus Vogler, Trustee; Pipe Line 
Coating & Eng. Co., Box 264, 
Lafayette, La. 


(Continued on Page 6) 
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annually for 
every man, 
woman, and 
child the 
United 
States! 


Our new book, Tnemec 
Catalog No. 54, (to quote 
one engineer) “very helpful and 
find very use- 
ful. Remember, proper maintenance 
the first step toward lasting economy. 


company letterhead 
will bring you copy 
Tnemec Catalog 
No. 54! 


0) 


ADDRESS: 


TNEMEC COMPANY, Inc. 


TEE-NEE’-MEK (Spell 
139 23rd Ave. North Kansas City, Mo. 


(Continued From Page 5) 


Tulsa Section 


Richard E, Lembcke, Chair- 
man, Cities Service Research 
and Development Co., 920 E. 
Third Street, Tulsa, Okla- 
homa. 

Fred M. Cloninger, Vice-Chair- 
man, Texas Pipe Line Co., 
Box 2420, Tulsa, Oklahoma. 

Walter E. Schott, Jr., Secre- 
ary, Pipe Line Anode Corp., 
30x 996, Tulsa, Oklahoma. 

E. W. Lawler, Treasurer, Pitts- 
burgh Coke and Chemical 
Co., 322 Tri-State Building, 
Tulsa, Oklahoma. 

T. D. Williamson, Jr., Trustee, 
T. Ib. Williamson, Inec., Box 
4038, Tulsa, Oklahoma. ° 


WESTERN REGION 


Robert H. Kerr, Director; 
Southern California Gas Co., 
Box 3249 Terminal Annex, 
Los Angeles, California. 

R. S. Treseder, Chairman; Shell 
Developement Co., 4560 Hor- 
ton Street, Emeryville, Cali- 
fornia. 

R. E. Hall, Vice-Chairman; 
Union Oil Co., Research Cen- 
ter, Brea, California. 

E. F. Hensley, Secretary- 
Treasurer, The Dow Chem- 
ical Co., P. O. Box 351, Pitts- 
burg, California. 


Central Arizona Section 


Frank I. Buck, Chairman; Ari- 
zona Public Service Co., Box 
2591, Phoenix, Ariz. 

Carl T. Eyring, Secretary- 
Treasurer Salt River Proj- 
ect, Agricultural Improve- 
ment & Power District, 313 
N. 3rd Ave., Phoenix, Ari- 
zona, 


Los Angeles Section 


Sidney K, Gally, Chairman; 1061 
Mar Vista Ave., Pasadena, 
California. 

Edward H. Tandy, Vice-Chair- 
man; Standard Oil Co. of Cali- 
fornia, Box 97, El Segundo, 
California. 

John R. Brown, 
Treasurer; 3525 
Place, Inglewood, 


Secretary- 
West 74th 
California. 


Section 


P. G. Behr, Chairman; Portland 
Gas & Coke Co., Public Ser 
ice Bldg., Portland, Oregon 

Norman H. Burnett, Vice-Chair- 
man; 1326 N.E. Tlst Ave, 
Portland 13, Oregon. 

W. R. Barber, Jr., Secretary- 
Treasurer; Electric Stee} 
Foundry Co., 2141 N.W. 25th 
Ave., Portland 10, Oregon. 


Salt Lake Section 


John T. Burton, Chairman; 
Utah Oil & Refining Co., 
Box 898, Salt Lake City 10, 
Utah. 

Bartel J. Disanto, Vice-Chair- 
man; American Smelting & 
Refining Co., 514 Pacific 
Natl. Life Building, Salt 
Lake City, Utah. 

John P. Reeves, Secretary- 
Treasurer, Dynamic Engi- 
neering, Inc., 781 Eme n 
Avenue, Salt Lake City 5, 
Utah, 


San Diego Section 


D. P. Armbruster, Chairman; 
San Diego Gas & Electric Co., 
861 Sixth Ave., San Diego 1, 
California. 

Dallas G. Raasch, Vice-Chair- 
man; La Mesa, Lemon Grove, 
Spring Valley Irrigation Dis 
trict, Box 518, La Mesa, Calif 

Otto L. Hepner, Secretary- 
Treasurer; San Diego Water 
Dept., Alvarado Filtration 
Plant, La Mesa, California 


San Francisco Bay Area 
Section 


Harold H. Scott, Chairman 
Shell Oil Company, Martinez 
Refinery, Martinez, Cal 

George J. Puckett, Vice-Ch 
man, Dow Chemical Co 
pany, P. O. 30x 351, 
Pittsburgh, Cal. 

William P. Simmons, Se 


tary-Treasurer, Alloy 
Products Company, Ine 
California Street, San F: 
cisco, Cal. 
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Cut Corrosion Costs— 
specify 
Cathodic Protection 


Corrosion Rectifying Company—CORECO— 
nationally recognized the industry for pro- 
viding the finest type cathodic protection. 
CORECO cathodic protection can your best 


protection against corrosion damage pipe 
lines, flow lines, oil well casings, marine installa- 


tions, etc. Bare coated lines can protected 
from leaks and damage—made last years 
longer with CORECO service. 


REPRINTS TECHNICAL ARTICLES AVAILABLE 
“Corrosion Survey Saves $26,000 30-Mile 
00 “Pipe Line Leaks Are Not Inevitable” 


Stop 
with 


Corrosion Rectifying 
pany provides complete 
ance tests design and 
installation rectifier and 
materials for 
protection. 


Check the titles wanted, clip this advertisement, and mail with your name and address to: 


CORROSION RECTIFYING COMPANY 
1506 ZORA STREET HOUSTON, TEXAS (Phone 7522) 
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INCORPORATED 
ploneers 
cathodic protection 


Serving world-wide needs 
for years! 


SUPPLY HEADQUARTERS FOR: 


Rectifiers, pipe coating, graphite anodes and backfill, wire 
and cables, magnesium and zinc anodes, insulating material, 
measuring instruments, welding and soldering equipment, 


pipeline insulators and seals, wrapping tape, hole diggers, 


auxiliary equipment. 


MAINTENANCE HEADQUARTERS FOR: 


All types rectifiers, corrosion testing instruments (soil re- 
sistivity meters, potentiometers, millivoltmeters, etc.), pipe 


and cable locators. 


LET YOUR B-K 
REPRESENTATIVE HELP YOU. 


FOR FULL INFORMATION WRITE, WIRE TELETYPE (HO-561) 
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you read this ad... 


Corrosio 


Harco’s job protecting you protecting your invest- 


Protect your investment with ments protecting your profits. Harco job-engineered 


Harco Cathodic Protection System systems provide the necessary testing, drawings, materials 
and installation techniques. Harco installation and con- 

Your corporate records are safely stored cash de- tracting service completed customers specifications, 
posited under lock and key the burglar alarms are and covers much little the total job 
wired and ready and exposed property insured. But quired. Materials and supplies available from Harco are 
your protection complete? complete from anodes rectifiers. 
Even you read this advertisement, thief corrosion NOW the time stop thief corrosion! NOW the 
stealing you blind. Every ferrous metal time 
(buried metal pipe, water storage tanks, etc.) being 
stolen from your profits. Millions dollars are stolen THE HARCO CORPORATION 
annually from the unsuspecting. 16991 Broadway Cleveland, Ohio 


for catalog call 
MOntrose 2-2080 
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6176-HC 


CLEVELAND + ALBANY + ATLANTA + CHICAGO + DAVENPORT + DETROIT + HOUSTON * LOS ANGELES + LOUISVILLE + LYNCHBURG 


CATHODIC PROTECTION DIVISION 


MINNEAPOLIS + ST. LOUIS + TORONTO, CANADA. 


NEW YORK + OKLAHOMA CITY - 


PITTSBURGH + PHILADELPHIA + 


SALT LAKE CiTy + SEATTLE + 
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Here are the reasons why attracting the 
attention leading corrosion and petroleum engineers: 


has exceptional tenacity, will ical effects crude oil, natural 
adhere metal surfaces longer gas and salt water. 
and under more difficult condi- has amazing flexibility and 
tions than any other coating yet elasticity. 
tested. provides silky smooth, even 

abrasion-resistant and has surface that increases line flow 
proven low erosion rate. reducing friction. 

gives positive protection against easy apply spray, brush 
rust and corrosion, also the chem- pig method. 


TEX® 


COAST Paint Lacquer Co. ine. 


BOX 1113 HOUSTON, TEXAS 


CENTERING CRADLE 
short massive INSULATOR centers pipe 


casing end permitting easy installation 
BUSHING 


carries weight backfill dirt and 
insulates pipe from casing 


EASY INSTALL: Simply lift 
pipe and slip into place 


SIZES: any combination 
pipe and casing sizes. 


CASING 


BUSHING 


OVERSIZED 
SLIDES OVER 
CASING 


THREADED 
CABLE 


VIEW SHOWING 
TOUGH, THICK 


SYNTHETIC RUBBER 


SHIELD 


FOR PIPE AND 
LARGER 


BOX 4038 TULSA OKLAHOMA 


REPRESENTATIVES Houston Pittsburgh Kenilworth, Amarillo Casper Provo, Utah Joliet, Illinois Los Angeles Oak- 
land Bartlesville, Okla. Edmonton London, Ontario Calgary Buenos Aires Durban, Natal, South Africa 
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Annealed Ductile Cast 

the pressure vessel made the 

Corp., Mt. Vernon, Ohio. 

Design: and approved for internal pressure 
350 300°F. with jacket pressure 125 p.s.i. 
Oval manhole cover, blind flange, two 
and thermometer well are also 
ductile cast iron ASTM Spec. 

Body weight: 18,485 lb. Cover: 5,000 Ib. 


Ductile Cast Iron 
Specified for Pressure Vessel 


This gallon autoclave ductile cast iron 


conventional flake graphite cast 
irons, ductile iron has spheroidal graphic 
That’s why its mechanical 
properties are closer those steel than 
those gray iron. 


Take look these test figures from heats 
used for the autoclave: 


strength, p.s.i...64,500/69,700 
Yield strength, 49,000/54,700 


Combining the process advantages cast 
and the product advantages steel, 


ductile cast iron logical material for 
process equipment. 

See for yourself how this economical iron 
times stronger than gray cast iron, 
you. Send for copy “DUCTILE IRON, 
The Cast Iron THAT CAN This 
booklet yours for the asking. Write for 
now. 


ductile cast iron that 
can twisted and bent 


TRADE MARK 


Wall Street 
New York N.Y. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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Cleaning Machine and primer application. 


NO-OX-ID and wrapper applied Traveliner. 


Why Corning Natural Gas relies 
NO-OX-ID for pipeline protection 


1954 Corning Natural Gas Company, Corning, Y., began expan- 
sion their transmission system with miles 12-inch and miles 
10-inch pipe. Dearborn NO-OX-ID Coating Combinations were 
specified. Over-the-ditch pipe protection was hot applied traveling, 
coating and wrapping machine using NO-OX-ID 2-C Primer, 
NO-OX-ID 6-X Coating and NO-OX-ID Reinforced Asbestos Wrapper. 


WHY PREFERRED: 


When asked how his crew liked working with NO-OX-IDs, the con- 
tractor, Mr. Joyce, stated: had never previously applied hot 
NO-OX-ID. The ease and convenience application, plus freedom 
from personal hazards, caused complete satisfaction all around.” 
result, Corning Gas plans specify NO-OX-ID protection additional 
pipeline reconditioning during 1955. 


Before you specify your next job, check with Pipeline 
Engineer available for consultation. 


pays specify 


DEARBORN CHEMICAL COMPANY Merchandise Mart Plaza Chicago 54, Ill. 


ADVANTAGES 
PROTECTIVE COATING 


Applied hot cold 


the mill 


noxious fumes 
Requires less equipment 


Lasts longer 


WRITE FOR BULLETIN 


Underground 
Pipe from Corrosion with 
NO-OX-ID and NO-OX- 
Wrappers” tells 
the story. Your 
ready upon request. 


d 


ipeline laid over rugged terrain. Pipeline ditch 
ipeline ditch cuts through shale and rock. 
q 
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LEAD 


The Standard Protective Sheathing for Cable 


XTRUDED lead tubing has been 
used protective sheathing 
overhead and underground 
electric cable for either voice 
power transmission, since the 
late 1800’s. The choice lead 
for this purpose was dictated 
characteristics inherent 
the metal. The plia- 
bility facilitates the reeling and 
unreeling the its low 
melting point permits the sheath- 
ing extruded over the core 
without damage the insulation, 
and the only common metal 
which successfully withstands all 
the corrosive influences 
encountered the service-life 


Lead alloyed with small 


Twenty-seven ton cable-laying plow; digs trench the 
ft. deep, necessary—feeds the cable into it, covers 
the cable and moves on, all one continuous operation. 


amounts other metallic ele- 
ments characterized its rela- 
tively high tensile strength and 
resistance fatigue thus mini- 
mizing mechanical failure result- 
ing from normal fatigue and 
tensile stresses. This especial 
importance since the stresses 
which are most likely cause 
fatigue failure aerial and duct 
cables are either oscillatory 
nature are the result dimen- 
sional changes from alternate 
heating and cooling. 

particular importance the 
fact that lead impervious 
moisture and highly resistant 
atmospheric and soil corrosion 
—in the case oil-filled sub- 
marine power cable—to salt water 
corrosion. For lead exposed the 


ST. JOSEPH co. 


250 PARK AVENUE, NEW YORK 


air develops its own protective 
film, usually oxide, while the 
film that forms lead buried 
the ground may silicate. Once 
these protective films have 
formed lead the metal may 
preserved indefinitely. Ample 
evidence this effect the lead 
pipe which, laid the Romans 
nearly two thousand years ago, 
still use today. 

Other factors favor lead 
sheathing that malleable, 
and that convenient lengths the 
cable are easily joined with the 
help two other lead products, 
lead sleeves and solder. Finally, 
when the life the cable spent, 
the lead easily reclaimed and 
can returned the market for 
another cycle service. 


3 
3 
| 


Coupon photos unretouched 


ANTI-CORROSION 


recovery well Kansas. Both coupons, where not corroded 
through, are wafer thin. anti-corrosion chemical was being 
fed the rate one pint per day, yet the average corrosion rate 
the coupons was 216 mils* per year. 


987 


the same well, Visco-treated with the same amount chemical 
per day, the coupons left above showed corrosion rate 


only 8.1 mils per year after days’ exposure. 
Visco Chemicals cut the corrosion rate over 

For corrosion control and treating economy, call your Visco 


mil=.001 inch. corrosion rate 216 mils per year means 
that the corrosive attack, uniform, would have corroded 
away the entire surface the metal depth .216 inches 
year. However, the real danger high corrosion rates, 
the coupon shows, the much deeper and faster penetra- 
tion occurring localized areas. 


VISCO PRODUCTS COMPANY 
INCORPORATED 

2600 Nottingham Kirby, Houston Texas 

Telephone: MAdison 0433 
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pressure vessel positioned 
for internal coat ALCOPLATE. 
the largest plants for chemical 
ALCO has 
plete facilities and extensive 
experience the design and 
fabrication heat exchangers, 
pressure vessels, etc. 


eometries 


how 
imp 
ALCOPLATE pro 


pro 


Plate thickness 
deposits 
specifica 
ive nick 


treating- 


ay for 
through 
ment. 


Other 
LATE are: 

spe 

Plate adhe 


ant advantages ALC 


sion 


sion is excelle 


BEAUMONT, TEXAS. 
CHICAGO, ILL...... 
CLEVELAND, OHIO. 
HOUSTON, TEX 
KANSAS CITY, MO 


LOS ANGELES, 


NEW YORK, Y.... 
PITTSBURGH, PA.. 

ST. LOUIS, 
ST. PAUL, MINN..... 


SAN FRANCISCO, CALIF.. 


WASHINGTON, 


tions any 


the 


increase 


polished 
polishing the 
LCOPLATE can 


can solve 
lication 


from any the 
listed below- 


.....1400 Crockett St. 

909 McCormick Bldg. 
Terminal Tower Bidg. 
Dunlavy St. 
...606 Commerce Trust Bldg. 
.3035 East 46th St. 

.30 Church St. 

nee 527 Frick Bldg. 

.... 4050 Bingham Ave. 

. .635 Prior Ave. N. 


.200-206 North Denver St. 
17th St., N.W. 


*ALCOPLATE—Trade-mark registration applied for. Application of 
the Kanigen® process. “‘Kanigen” is a mark identifying chemical 
deposition of high nickel, low phosphorus alloy by General American 
— Corporation and its licensees, and the coating resulting 

ereirom. 


Solves Corrosion Problems the Chemical, 
and Related Industries Low Cost 
mens pulled the yield point show 
ted because ALCOPLATE 
ged life process equip- 


ASSOCIATION 


scientific and research association individuals 


and companies concerned with corrosion interested it, whose 


objects are: 


(a) 


(b) 


the 


promote the preyention corrosion, thereby curtailing economic 
waste and conserving natural resources. 


provide forums and media through which experiences with corrosion 
and its prevention may reported, discussed and published for the 
common 


encourage special study and research determine the fundamental 
causes corrosion, and develop new improved techniques for its 
prevention. 


correlate study and research corrosion problems among technical 
associations reduce duplication and increase efficiency. 


promote standardization terminology, techniques, equipment and 
design corrosion 


contribute industrial and public safety promoting the preven- 


foster cooperation between individual operators metallic plant 
and structures the joint solution common corrosion problems. 


invite wide diversity membership, thereby insuring reciprocal 
benefits between industries and governmental groups well between 
individuals and 


incorporated association without capital stock, chartered under 
laws Texas. Its affairs are governed Board Directors, elected 
the general membership. Officers and elected directors are nominated 


nominating committee accordance with the articles organization. 


Ele 


ction the membership. 
Inquiries regarding membership, and all general correspondence should 
directed the Executive Secretary the administrative headquarters 


the National Association Corrosion Engineers 1061 Building, 


No. 


Main Street, Houston Texas. 


Officers, 1955-56 


Jr. 


esident. 


Executive 


easurer., 


Houston, Texas 


1061 Building, Houston Texas 


BRANNON 


CAMPBELL 


President 


FRANK WHITNEY, 


Monsanto Chemical Co., St. Louis, 


Vice-President 


Tar Products Koppers Co., Inc., Pa, 


Treasurer 


Past President 


AARON WACHTER 1955-56 
Shell Development Co., Emeryville, 


Representing Active Membership 
STEWART 


Sun Pipe Line Co., Beaumont, Texas 


THOMAS MAY. 1954-57 
The International Nickel Co., Inc., New York, 


Engine Equipment Co., Inc. 
Tulsa, Okla. 


ROBERT BULLOCK 
Interstate Oil Pipe Line Co., Shreveport, 


Representing Corporate Membership 


MUNGER 1955-58 
Amercoat Corp., South Gate, 


ROBERT PIERCE..... 1955-58 
Pennsylvania Salt Mfg. Co., Philadelphia, 


American Locomotive Company, Houston, 


BROUGH 1954-57 
Mountain Fuel Supply Salt Lake City, Utah 


Nooter Corporation, St. Louis, Missouri 


Representing Regional 


Southern California Gas Co., Los 
Alloy Steel Products Co., Inc., Atlanta, 
1954-57 
Mutual Chemical Co. America, Md. 


WALTER CAVANAGH. (North 
Parker Rust Proof Company, Detroit, 


DERK HOLSTEYN Centra!) 1953-56 
Shell Oil Company, Houston, Texas 


ROBERT LAW 1953-56 


International Nickel Co. Canada, 


Directors Officio 
VAN NOUHUYS, Chairman 


Management Committee 
Southeastern Pipe Line Co., Atlanta, Ga. 


Committee 


Ebasco Services. Inc., New York, 


THOMAS MAY, Chairman Publication Committee 
International Nickel Co., Inc., New York, 


SCHMIDT, Chairman Technical Practices 
Committee 
The Dow Chemical Company, Midland, 
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OFFICIAL MONTHLY PUBLICATION 


National Association Corrosion Engineers 


Association Individuals and Organizations Concerned with Control Corrosion 


Houston Texas 


April, 1955 


Solution Aircraft Wing 
Corrosion Problem Nearer 


Exhaust Gas 


lems, 
cerned pat 
impinging 
and fusela 
somewhat 
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a volatile 


the anti-k 
Nor 


COBURN* 


the aircraft industry con- 
ticularly with the behavior 
exhaust gases upon the wings 
the plane. These gases, 
similar composition au- 
gases, carry with them 
lead compound originating 
nock ingredient, 
mally, each gallon avia- 


ine there added from 


milliliters liquid whose com- 


position 


scavenger 
lead depos 
low melti 
this 
as compri 


the deposit 


This subs 
sponsible 
problem. 
When 
during 
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lent that 
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protective 
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manufacti 
knock 
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pounds 


The 


been 


pproximates 1.7 parts lead 


one part ethylene dibro- 
latter material behaves 
compound preventing internal 
ition forming the relatively 
(370 and volatile com- 


bromide (bp 916 C). 


that has been identified 

found the plane’s wing. 
ince, along with moisture, ini- 
ries reactions believed re- 
very serious corrosion 


realized that costs some 
replace section tank skin, 
time the plane kept out 
producing service from two 
eeks, becomes clearly evi- 
this form corrosion merits 
erating areas high rela- 
than those operating 
relative humidity. Also, 
rict schedule cleaning and 
maintenance not carried 
type corrosion exacts 
toll. 

able chemical investigation 
carried out the aircraft 
rers and producers anti- 
pounds leading into the com- 
ittle understood field solid 
ions. addition the car- 
products combustion 
number inorganic com- 
simple and complex compo- 
identified through 


fraction analyses. However, 


‘nce the major exhaust gas deposit 
the exterior has been shown 


lead 


omide, applied research labo- 


investigations have commenced 
with this material. 

thas been learned that the com- 
made accordance with 
analysis deposits removed from 
assemblies not corrode alu- 


Engineer, Association American 


‘ailroads, 


Chicago, Illinois. 


No. 


Topic the Month 


Figure example the effect corrosion wing surface area. Note orientation major 
corrosion vicinity rivets. 


However, when anhydrous lead 
bromide placed aluminum sheet 
and exposed atmospheres various 
relative humidities ranging from 100 
percent, almost instantaneous re- 
action starts which gaseous emission 
observed and blackening the 
aluminum sheet becomes apparent. This 
fact points rather conclusively the 
important role played water 
understanding the mechanism the 
corrosion reaction, has been postu- 
lated that relatively insoluble lead bro- 
mide undergoes reaction with water 
leading the formation hydrobromic 
acid and lead oxide. The hydrobromic 
acid reacts with the electrolytically ac- 
tive metal aluminum form the water- 
soluble compound 
This highly active 
stance reacts with any available mois- 
ture form gray-white precipitate 
aluminum hydroxide while regenerating 
equivalent quantity hydrobromic 
acid. believed this simple cycle 
acid generation might self-propagat- 
ing. The precipitate develops 
like mound, seemingly snuffing out fur- 
ther corrosion activity. However, due 
its fragile nature, the blister fractures 
and bare metal soon exposed the 
action the newly formed acid. 
by-product the acid reaction with alu- 
minum, hydrogen made available and 
proceeds reduce the complex oxides 
form which shows gray-black 
smear. 


obvious procedure for overcoming 
this type corrosion the use 
barrier film. aircraft manufacturer’s 
chemical laboratory staff has examined 
numerous coatings and chemical sys- 
tems consistent with necessary weight 
restrictions. nearly every case failure 
encountered because poor ad- 
hesion, inadequate physical properties, 
vulnerability cleaning solutions and 
solvents, poor abrasion resistance foot 
traffic wings and inability re- 
sist the solvent action synthetic hy- 
draulic 

Recently new polyester resin-type 
tape with good detergent and solvent 
resistance, high tensile strength and 
complete inertness hydraulic fluids 
has appeared the market, This ma- 
terial being tested 
results appear promising. present the 
use one the epoxy resins has had 
experience with encouraging re- 
sults. Additional planes are being treated 
for service tests and not incon- 
ceivable that long awaited ideal rem- 
edy for the exhaust gas corrosion prob- 
lem soon may available. 
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Figure burst tube, A-25. 


Case History Failure Marine Boiler Tubes 
Stress Corrosion 


BARER 


Introduction 

RATHER ENTERTAINING historical 
review boiler failures, particularly those the 
latter part the 19th Century, Zapffe’s paper “Boiler 
worth reading. His scholarly ef- 
fort, based 427 references, stimulated discussion 
and disclosed pertinent aspects research into the 
mechanism boiler cracking. 

More recently, their excellent paper “Marine 
Deterioration,” Slater and Parr? summarized 
the experience the British Admiralty during the 
2nd World War. Among the examples other forms 
boiler deterioration, only one example stress- 
corrosion cracking (caustic cracking) presented: 
typical crack between rivet holes. Further, they indi- 
cate that this cracking extremely rare boilers 
using distillate feed. This general experience that 
stress-corrosion cracking extremely rare, particu- 
larly boiler tubes, repeated throughout the lit- 
the British Engine Technical Report* 
Cracking Steam Boilers” states: 


‘Caustic 
encountered where the construction seamless 
welded, except occasionally attachments 
tings.” 

Accordingly, believed that the details one 
such “rare example” will wide interest. 


Investigation Marine Failure 
Recently, main boiler one Her 
Canadian ships was damaged burst tube. Records 
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Abstract 
tubes are commonly the result conc 
caustic solution contact with stressed boil: tal. 
Usually the concentration the caustic resu rom 
leakage between seams and around rivets, ary 
action and subsequent evaporation. 

rare example the same type one 
where seams crevices exist for 
the boiler solution leakage; this failure ting 
from concentration the boiler solution the 
steam generating surface the boiler tube tails 
such failure are discussed. particul 
shown that the attainment the necessary 
concentration and stress levels feasible. 
out that stress need not high 


believed. 

The mechanism caustic cracking 
today reviewed; that is, action 
aided stress. effect, this serves include caustic 
cracking among such phenomena the rack- 
ing brass and the stress-corrosion cracking 
less steel. commonly accepted that this type 
failure rare. That does occurr suggests that some 
thought might directed preventing channelling 
hot gases and alternative chemical treatments 
which not rely caustic. 
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April, 195 


the the failure, during which the ship was 
steadily half load, not indicate any- 
usual operating conditions, 

The this ship are water-tube Admiralty 
ype. this type boiler there are tubes 
and they are numbered from the burner 
end. rows are also labelled right and left viewed 
burners, The rows are lettered alphabetically 
flame outward. Damaged tubes were found 
only row, which adjacent the flames and 
Brow, which one row removed from the flames. 

The investigation was initiated when tube A-25 
from the righthand side the boiler was submitted. 


The burst portion this tube shown Figure 
Subsequently, other tubes were made available, in- 
duding several which leaked when hydrostatic test 
was applied following the shutdown the boiler. 


Visual Examination 
apparent metal wastage occurred the burst 
tube A-25. This was confirmed measurement and 
can noted Figure minor amount stretch- 
ing did take place the time the burst. This 
could have taken place over period 
that had done so, likely that small 
leak, rather than the burst would have relieved the 
Closer examination the metal the edge the 
burst showed that the metal had parted along appar- 
plates,” except for the small percentage the 
metal which stretched. Cracked metal would give 
plate-lik appearance fracture. fact, near the 
burst, many fine cracks, inch long, 
seen, Subsequently when the tube was cut 
facilitate micro-examination, was 
zone cracks extended longitudinally 
four inches from the burst along 
surface the tube. 

film copper was noted the inner surface 
other tubes. 

tubes from row (also right-hand side) 
38, 39, and 41, were examined. The rup- 
B-41 inclusive, (Figure indicates 
the same mechanism. Although these tubes 
had opened slightly, rather than having burst open, 
apparently been subjected the same mech- 
caused tube A-25 burst. 


edge 
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Leak 
namely, 
tures 
tubes ] 


show some detail the cracking which was 
readily visible the naked eye, tube B-40 was split 


The absence fully ductile breaks strongly sug- 
some type embrittlement had allowed the 
metal part with apparent ease and the full and par- 
rupturing tubes indicated that change op- 
conditions, presumably overheating 


Micro-Examination 
Tube A-25, whose bursting initiated the investiga- 
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Figure 2—Showing the ruptures Tubes B-39, B-40 and which 
are also from the right-hand side the boiler. 


Figure 3—Tube B-40 split open the ruptured region show the 
extent the 


* 


aa 


Figure 4—Inner surface tube A-25 four inches from the burst. 
Many fine cracks may noted. Approx. 


tion, was given thorough and detailed micro-exami- 
nation. 

Small samples were cut from the tube approxi- 
mately four inches from one end the burst, (Sam- 
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Figure 7—A section through the tube wall near the end the bur 

(A-25) showing the ductile necking-down the outer metal and final 

rupture degree plane. Also shown are five additional cracks 

which progressed intergranular manner, Approx. 7x. outside 

Figure 5—Photomicrograph area from Figure which was The 

enlarged bring out the detail the intergranular cracking. 
Approx. 105x. 
also 
the fin 
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that 
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Figure 8—Photomicrograph the ductile portion the break had 

Figure showing complete absence intergranular cracking outer 

tailed 

throug 

Figure 

xpose 
tlemen 
Figure showing fine intergranular cracking the 

non-fire, inside surface, tube A-25 near the burst. Approx. 

ple and just beyond the same end the burst, bino 

(Sample B). would 

the burst tube shown eleven magnifications 

enlarged show more the definitely intergranular nature the cracks follow and are, therefo 

cracking, 240x. indication intergranular 


final 
cracks 


rface 


irged 
fine 
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Figure another small area Figure enlarged 
240 Here also the fine cracking 


grains may noted. This area typical 


others Figure when viewed higher mag- 
Examination the microstructure showed 


hat the had been above 1500 and had been 


apidly cooled from this temperature. believed 
his heating occurred just prior final failure. 

Acut through the tube wall, (Sample B), shown 
Figure seven magnifications. Intergranular crack- 
was prevalent and was readily seen higher mag- 
intergranular cracking was found 
necked-down portion what corresponds the 
percent the tube wall which had retained 
ductility. This area shown Figure 


magnifications. (There short length inter- 


cracking the lower left part the major 

The fine ends all cracks noted were intergranu- 
This means that the cracks were initiated and 
progressed the same mechanism cause. 
fine ends rupture the grains metal rather than 
ging around 

Many other samples were cut from different areas 
ithe burst tube (A-25) determine the extent 
the intergranular cracking. These samples showed 
that the metal had been weakened intergranularly for 
approximately inches each side the burst 
side, (in the sense being closer the flames) 
somewhat less the opposite side the tube, 
cases, internal, Cracking, typical that found 
non-fire side shown Figure 210 mag- 
Incidentally, the fact that the mild steel 
iad been overheated and then rapidly cooled readily 

Tubes B-41 inclusive were also given de- 
micro-examination over number samples 
intervals along the tubes. micro-section 
the wall tube B-39 here included 
figure 10. This excellent example the typi- 
ally intergranular cracking found practically all 
sections examined. also indistinguishable 
cracking exhibited the steel autoclave 
percent caustic soda 250 and 400 psi 

the course checking for the extent embrit- 
was decided try examination under 
microscope rather than the more tedious 
nethod micro-examination. This described below. 


trial, was established that examination under 
vould readily differentiate between embrittled and 
tube. Accordingly, half-inch slices were 
ring was split two. facilitate the 
the halves were given light pickle 
acid remove scale (and thin copper 
and were then bent flat. The bending made ex- 
under the binocular microscope easier and 


also served open any embrittled areas; mild 
steel which not embrittled will withstand consid- 
erably more bending before showing minute rupture. 
Figure illustrates the type specimen obtained 
and how readily the more severely embrittled steel 
revealed comparison with non-embrittled steel. 
addition the obviously cracked samples shown, 
many samples showed fine cracking when given de- 
tailed examination under the binocular microscope. 


Using the method outlined above, additional 
random tubes from rows the failed boiler 
were examined. was found that only tubes 
and rows, either side, showed intergranular 
cracking. The sampling was limited nevertheless, the 
evidence available indicated that only some the 
steam generating tubes, and rows, were damaged. 
Sound tubes were found next cracked ones. the 
defective tubes, the cracking was zone approxi- 
mately centered two four feet from the top 
the tubes; not too far from the bend which ap- 
proximately one and half feet from the steam drum 
the top. 


Tubes from the other boilers the ship also were 
examined this method. Four tubes from each boiler, 
e., A-25 and B-25 from both left and right hand sides 
each boiler, were sectioned 8-inch intervals down 
approximately five feet from the top. cracking 
was detected any these tubes. Although this rep- 
resents inadequate sampling, was not practical 
the time remove more. 


Discussion Results 

From the microstructure examined, was evident 
that tube A-25 and several other tubes had been se- 
verely weakened intergranular cracking before 
final failure. This intergranular cracking had been ini- 
tiated the water side the steam generating tubes 
and was most severe distance between two 
feet four feet from the top the tubes. 


Many metals and alloys are susceptible inter- 
granular cracking when they are stressed condi- 
tion and specific corrosive environment. should 
emphasized that both stress and corrosive environ- 
ment are necessary. The stress often residual but 
may combination residual and service stresses. 
The corrosive environment usually such that the 
absence stress, the result would more less 
uniform metal loss, 


the boiler tubes under discussion the stresses 
were the normal operating stresses resulting from 
steam generation 400 psi and 650 and the residual 
stresses. The high residual stresses from fabrication 
extrusion and the local stresses from bending the 
tube would relatively small after several years’ op- 
eration, but would still significant relation 
operating stresses. 

The corrosive environment could only have been 
caustic from the boiler water. The caustic this par- 
ticular instance was mistake least twice the 
usual concentration. However, this increase not 
considered too significant. true that the caustic 
concentration boiler water usually very low and 
expressed parts per million. However, very little 
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Figure section cut through the tube wall, 
B-39, showing detail the intergranular cracking. Approx. 50x. 


— 


Figure 11—Slices cut from tube B-40 (left right): (1) area 
which showed cracking; (2) (3) area close that shown 
Figure and bent flat. 


over-heating required change the concentration 
centage rather than Local areas “steam 
are known when tubes are sub- 
jected high heat input, resulting some increase 
metal temperature and subsequent concentration 
the caustic. 

The intergranular attack which results from these 
conditions commonly known cracking.” 
Although difficult reproduce operating condi- 
tions the laboratory, instances cracking taking 
place hours rather than days are 

Experiments researchers investigating caustic 
cracking have shown that, “...the cumulative effect 
high rate steam generation heat transfer 
surface may equivalent continuous exposure 
the hot steel corrosive caustic liquor, even though 
the main body boiler water contains but few parts 
per million High rates steam gen- 
eration may not usual the RCN, but gas passages 
around the superheater tubes Admiralty type boil- 
ers may badly clogged with combustion products. 
conceivable that the net effect uneven heat 
distribution would equivalent high rate 
steam generation for certain tubes. This clogging 
the boiler was brought our attention. 

This local overheating could expected bring 
ihe caustic concentration the point where rapidly 
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attacked the grain boundaries the 
tubes. 


Evidence that such assumption warranted 


contained the way damage was confined certain 
areas definitely haphazard manner, probably re- 
lated flow hot gases subjected irregular ob- 
struction, addition, the metallurgical that 
the ruptured tubes had been heated above 1500 and 
rapidly cooled, although not readily explained 
terms boiler operation, fits with other investiga- 
tors’ findings burst 

This same uneven heat distribution more than likely 
had two important functions aside from concentration 
the caustic. 


tended weaken the grain boundaries rela- 
tion the remainder the metal. known 
fact that above certain temperature for 
metal, the grain boundaries are considerably 
weaker than the grains themselves; high tempera- 
ture alloys often are purposely cast with large 
grains minimize grain boundary area. This weak- 
ening the grain boundaries would assist the 
preferential attack the 

weakened the metal, that the remaining duc- 
tile portion the outside tubes either burst 
opened slightly. 


Conditions for Caustic Cracking 
From the evidence presented and from the infor- 
mation available, considered this failure repre- 
sents example the occurrence 
cracking, aside from that commonly occurring 
riveted seams. 


Lloyd’s reports some 162 ships 


one more boiler failures the years 1950 and 
not once failure described terms other that 
riveted seam. fact, another official 
Register has stated that “...no cases caustic 
cracking water tube boilers are 
already indicated, this theme repeated much 


the current literature. 


Caustic cracking riveted seams easily 
explained. addition the service the use 
rivets results stressed state the The 
concentration the caustic may read- 
ily terms leakage and, thereby, in- 
tion boiler water containing 

When consideration given the 
similar conditions the steam face 


water-tube, seems advisable examin: more 


detail the factors involved. 


That stresses must reasonably high, close 
the yield point, commonly !owever, 
other evidence similar systems that 


stresses lower magnitude can and 
granular The cracking mild boil- 
ing concentrated nitrate solution has hreshold 
stress 14,000 under certain conditions. 


levels, may also pertinent mention that crack- 


ing 18.8 stainless steel has been initiated boiling 
MgCl, solutions stresses low 3000 10,000 
and this metal having tensile strength 


least percent greater than mild steel. 


There is, then, some evidence that stresses need not 
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the yield point steel for 
cracking occur. 
no’ difficult conceive 
the stresses sufficient 
cracking the tubes 

The concentration found 
for the initiation in- 
cracks varies consider- 

‘sumably depending 
el, 

boiler-seam crack- 
‘he Joint Research Com- 
Boiler Feedwater Studies 
danger zone above 180 


CONCENTRATION OF SODIUM HYDROXIDE — WT. PERCENT 


indicate 
Fand between and percent 
The probability crack 
this zone was 
than percent caustic, al- 
states that more con- 
solutions are more effective. 


and Hamer and show 
the similarity between cracking 
plate and mild steel which had been used 
processing strong caustic solutions. The example 
caustic soda 250 and 400 

Having shown that caustic concentrations upwards 
and probably upwards percent, are 
before steel under stress will crack inter- 
remains only show how such concentra- 
tions achieved. The caustic boiler water 
200 parts per million ppm. This concentra- 
0.1 percent that required for 
aggressive attack. 

has ably presented the concept concen- 
boiler water opposed the dilute over- 
water. Hall has shown that alkalinity can 
readily from parts per million parts per 
when hot spot occurs. The mechanism 
billions recurring water-steam in- 
may considered similar evaporation, 
the during which the concentrating-film 
ater seeks establish equilibrium with its 
fixed pressure and with increasing 
the concentration the salts the film 

That hot spot can occur particular area 
study various conditions. Their meas- 
50-foot tube showed zone which was 
above the remainder the tube. They consid- 
this particular zone represent steam-blanketing 
caused flame impingement. may 
pointed out that this condition reduced flow through 
the tube almost percent, factor which undoubt- 
would favor aggravation the local condition, 
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Figure 12—Graph showing how the concentra- 
tion caustic can increase when the tem- 
perature the heat transfer surface goes 
above that the main body boiler water. 
Based data from 

Tables, Vol. 370 (1A28). 
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Figure 13—Plot thermocouple measurements 

region severe overheating. This 

temperature rise the outer surface the 

boiler tube would correspond higher 

temperature the heat-transfer surface 
the inside the tube. 


The work and Davidson and 
discussed above may summed Figures and 
Figure indicates how rapidly the 
caustic content the concentrating-film boiler water 
can rise with small increase temperature above 
that the over-all boiler water. 100 rise corre- 
sponds percent caustic weight percent. Figure 
shows that temperatures high 200 above the 
main body boiler water may attained the outer 
tube surface. 


Study this information would suggest that con- 
ditions leading intergranular cracking boiler 
tubes are possible. The possibility has been translated 
into actuality the failure here reported. 


Mechanism Caustic Cracking 


view the many statements the literature that 
the fundamentals the caustic cracking phenomenon 
remain obscure, may instructive assemble few 
current ideas. 

strong argument that boiler embrittlement 
aspect intergranular hydrogen attack and the 
consequent vigorous discussion sum the current 
thought that time. the discussion Zapffe’s 
paper, advanced the opinion that caustic 
cracking and stress-corrosion cracking are fundamen- 
tally the same. The attack stress-corrosion cracking 
electrochemical, potential difference between 
anodic and cathodic areas the metal causes electro- 
chemical corrosion which appears these instances, 
cracking grain boundaries. Mears indicated that the 
stress-corrosion cracking Duraluminum-type alloys, 
the season-cracking brass and the stress-corrosion 
cracking 18-8 stainless steel had either been 
indications were fairly definite, that the 
mechanism responsible for all was electrochemical differ- 
ences potential causing selective attack certain 
planes the metal. Mears that establish- 
ment the mechanism caustic cracking might 
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readily undertaken attempting cathodically pro- 
tect readily-embrittled boiler steel. Investigating the 
effect cathodic protection cracking was also sug- 
gested leading technical 

This confirmation the true mechanism caustic 
cracking has been reported. Pearson 
studying the stress-corrosion mild steel subjected 
boiling nitrates showed conclusively the electro- 
chemical nature the action. When sample the 
steel was made the anode system subject 200 
per sq. in., cracking was produced one-thirtieth 
the time (30 minutes vs. hours) and was much more 
extensive than cracking the absence 
instance was cracking observed the mild steel 
subject the same conditions, but the cathode in- 
stead the anode. 

detailed study the fundamentals caus- 
tic cracking also has shown that anodic currents de- 
crease time failure (this was percent sodium 
hydroxide 280 and that cathodic polarization 
effective protection. quotes Edeleanu who 
“found that could stop cracking advanced 
stage where the specimen was due break within 
few seconds, applying strong cathodic current.” 

would appear logical, then, the basis the 
experimental proof cited above include caustic 
cracking among the electrochemical corrosion phe- 
nomena known stress-corrosion cracking. 

The layer copper which was noted the inside 
the tubes may have intensified the electrochemical 
action which the basic mechanism. Suggested 
copper reactions are described Straub 
and copper boilers discussed the Corrosion 

Even with this understanding the electrochemical 
nature caustic cracking basis, does not seem 
likely that universal means preventing 
hand, aside from chemical treatment which avoids 
Cathodic protection does not seem partic- 
ularly feasible within tubes boiler. 


Summary And Conclusions 


unusual type failure marine boiler tubes 
has been 

considered the weakening the tubes prior 
the final burst (of tube A-25) and partial rupturing 
several other tubes was due caustic cracking. 

Caustic cracking, special case stress-corrosion 
cracking, requires that the metal subject tensile 
stresses corrosive medium. has been indicated 
that stresses suitable magnitude were present and 
that conditions were such that the necessary concen- 
tration caustic could attained right the steam 
generating surface the tubes. 

Research others has shown that stress-corrosion 
cracking metals essentially electrochemical. Ap- 
plication external current these investigators has 
proven the electrochemical nature stress-corrosion 
Samples which were made anodic were 
cracked extremely rapidly, whereas the cathodically 
protected samples could not cracked. 

Admittedly, the type failure here discussed rare, 
nevertheless, can occur. 

prevent recurrence this type failure, atten- 
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tion being directed avoiding clogging which 
apparently channel hot gases. Some thought being 

given alternative boiler treatments which avoid 
caustic. 
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Corrosion Valve 


RASMUSSEN 


PROBLEM stainless steel valve stem 
we. When valve has been assembled and hydro- 
pressure tested, the valve packing sat- 
considerable period time may 
before the valve put into service during this 
period corrosion the form pitting 
the stem occurs. the valve put into service imme- 
after hydrostatic testing, there pitting. 
Gardner and have reported corrosion 
percent chromium steel plungers and valve 
the operation synthetic fuels demon- 
plant. this report, the pit corrosion was 
noted the packing area after the units had been 
tested had been service and 
then placed dead service. Pit corrosion this case 
was attributed bronze support rings copper 
the braided packing. The same type pit corro- 
percent chromium steel contact with 
pure yarn without copper copper base 
alloy contact has been noted. 


Soluble Constituents Contributory 


Observations the investigation valve stem 
pitting showed that the presence soluble corrosive 
such magnesium and calcium chlo- 
asbestos base packings were major contrib- 
Potential measurements were made 
leaching pure asbestos yarn distilled water. 
Readings were taken over period five eight 
months using saturated calomel half Figure 
these The length the box shows 
the maximum and minimum readings, the bar across 
box the average all readings taken. There 
shown between the time and maximum 
minimum readings. Economics materials and 
eliminated certain materials from con- 
and was therefore decided investigate 
possibility obtaining packings treated elim- 
reduce the corrosive constituents. 

Various ideas were advanced the type and 
nethod treating packing remove these constit- 
was deemed advisable discuss these ideas 
valve packing manufacturers order deter- 
the practicability such treatment and the 
arising therefrom relation packing 
procedures. Arrangements were made 
with packing manufacturer discuss this problem. 
The outcome this meeting was program formu- 
ated for the design non-corrosive packing 


+ Submitted for publication January 22, 1954. A paper presented at 
he Eleventh Annual Conference and Exhibition, National Associa- 


Corrosion Engineers, Chicago, March 7-11, 1955. 
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corrosion work since 1934. Following graduation 
from Pratt Institute 1929, spent several 
years industry metal finishing engineer. 
For number years was associated with 
both the late Dr. Colin Fink and Dr. 
Mantell, consulting corrosion and 
electrometallurgical research. His present work 
the control and prevention corrosion 
valves and instruments the chemical and 
power industries. member NACE, pres- 
ently vice-chairman the Southern New 
England Section. 


Abstract 


The result observations the investigation 
valve stem pitting during storage after hydrostatic 
testing was that the presence soluble corrosive 
agents the asbestos braid and graphite lubricant 
were responsible for the condition. Various packing 
treatments, graphites, sacrificial elements and inhib- 
itors were formulated chosen and tests conducted 
three locations using Type 416 stem material. 
Test results indicate that removal soluble cor- 
rosive constituents, incorporation inhibitors sac- 
rificial elements and careful selection graphite 
dry lubricant the packing manufacture are bene- 
ficial and necessary. 


Reduction chlorides and other objectionable 
water soluble salts washing. 

Elimination chlorides from solution pre- 
cipitation. 

Use alkaline treatments produce neutral 
basic conditions. 

Use corrosion inhibiting salts. 

Use sacrificial elements, such zinc, alumi- 
num, 

The use graphite and other dry lubricants 
minimum corrosive potentials. 


Method Processing 


Packings were prepared from braided stock con- 
sisting two jackets yarn over wick prepared 
24-carrier braider. Yarn analysis was percent 
pure asbestos and percent cotton with similar 
wick core. The braided stock was boiled dis- 
tilled water for four periods three hours each using 
water-to-braided stock ratio 12:1 weight. 
sample water after each boiling was analyzed 
determine the solids and chlorides removed 
such processing. can seen from the analytical 
results, Table substantial reduction soluble 
chlorides the braid must have been attained. 

precipitate the chlorides relatively insol- 
uble salt second batch yarn was soaked for 
hours percent silver nitrate solution, rinsed 
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TYPE 43) 


TYPE 430 
TYPE347 
TYPE 410 


ELECTROLYTE: LEACHED PURE ASBESTOS 
YARN-1GM/LITER 


POTENTIALS DETERMINED BY SATURATED 
CALOMEL WALF CELL 


NEGATIVE 
TYPE 416 


CYCLOPS I7A 
TYPE 420 


Figure 1—Galvanic potential rating valve stem materials. 


and soaked distilled water over night. Further 
samples were prepared soaking percent 
solution trisodium phosphate; zinc chromate 
slurry and sodium chromate slurry. lubricant 
for the packing, white mineral oil was used and the 
packing soaked for one hour 200 Dry lubricants 
were applied rolling the packing the lubricant 
until well covered. Metal powders were applied 
rolling the packing mixture percent dry 
lubricant and percent metal powder volume. 


TABLE Water 


; Total Solids Chloride as Cl. 
PPN 


PPM 


PACKING 
CELL BLOCK 


PACKING GLAND NUT 


Figure 2—Packing test 


All packings were calendered square across 
section. Table shows the packing make chart. 


Test Cells Simulated Valve Conditions 


Test cells were used wherein the packing zone was 
equivalent that standard valve. Figure 
shows cross section sketch the type cell and 
assembly used, Stem material for the test was AISI 
Type 416 steel having surface finish 
micro inches, The packing the test cells was sat- 


urated allowing distilled tap water flow 
through the cell under pressure and then tightening 


the packing gland 150 foot pound torque and 


week and allowed remain dry for one alter- 
nating for the entire the 
test. The same water used for 
TABLE 2—Packing Makeup Chart 
di 
Silver were opened, examined rated 
No. Wash Nitrate phate Oil Dry Lubricant Sacrifical Element after each 30 davs of te and re- 
the arbitrary corrosi ratings 
Dixon 200-8 two test locations 
3-3 x Madagascar JM No. 2 distilled water and ele rometric 
3- ixon 
Southwestern 1635 tap water used for test was ob- 
3-9 | | Xx Mica. Water-ground : shown 
3-10 Bentonite Clay tained and comparison show! 
Dixon 1117 Zinc Powder Table 
42 | X Dixon 1117 Cadmium Powder 
| xX Dixon 1117 Zinc Washer eat 
Chromate 
Dixon 1117 stem for uninterrupted tes 


| 


* Treated to Remove Stearate. 
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CORROSION VALVE PACKING 


WASHED-Na, PO, SOAK-LUBRICATED 1-3 
2-1 


Na,PO,SOAK-NOT LUBRICATED |-9 


WASHED ANDLUBRICATED 1-1 
WASHED AND NOTLUBRICATED 1-6 


CATED 


NOT WASHED 
LUBRICATED 
LUBRI 
GRA 


washing, lubrication and graphite corrosion 
Type 416 stainless steel valve stems under asbestos packing. 


NOT LUBRICATED PLUS 


NOT LUBRICATED 
PLUS MICA 3-9 
BENTONITE CLAY 


NOT 
PLUS 


the test results, the packings have 

grouped the treatment given Figure 4—Effects graphite, mica and Bentonite clay corrosion 
thereof noted the packing make-up Type 416 stainless steel valve stems under asbestos packing. 

ist and second groups. 


Packing and not lubricated. 
and lubricant. Test results indicate that the lubricant 
to 16 w N we 
Packing 1-6 washed and not lubricated. 
and results tests with these packings when com- 


Were the preceding group. 
one Packing 1-2 washed, silver nitrate steel under unwashed lubricated asbestos packing. 
cate 

alter- 

1-7 washed, silver nitrate soak, not lu- 
ol the bric: ed. 
for 


for are similar 1-1 and 1-6 except for 
7 Percent Area Corroded in 44” Dia. 


TABLE Corrosion Rating 


5.. 
appreciable difference ratings was obtained 
metric 1-4 trisodium phosphate soak, lubricated. Stratford Manville Watertown 
Pac! 1-9 trisodium phosphate soak, not lubri- 12-32 
ob- than those obtained the washed packings Albuminoid Ammonia 
Free Ammonia 


shown would appear that this treatment not 


the washing treatment. Total Hardness as: 
64-140 


cking 1-10 silvate nitrate soak, not lubricated. 42-54 


treatment, while providing some protection, 

The second group packings, while Fixed 


commercial packing used than any 


CO} a3; 


ob 


' 
5.4 
stems 


this investigation. This group consists two sam- 
ples only, the first which was washed, oil lubri- 
cated and had dry graphite lubricant.* The second, 
with the exception the washing treatment, was the 
same the first. Results one test location showed 
definite advantage the use packing treat- 
ment, 


a Qa 


Figure 6—Effect chromate inhibitors corrosion Type 416 
stainless steel under unwashed, lubricated, graphited asbestos packing. 


Tap Water 


Figure 7—Stem corrosion 


Distilled Water 


analysis test results the third group 
packings shown Figure 

this group, various grades graphite, water 
ground mica and bentonite clay dry lubricants 
were compared using untreated, lubricated braid, 
order analyze this group, results should 
pared with packing 1-5 which was similar. all re. 
spects except that did not have dry 
Some indication the effects various grades 
graphite can seen from the results obtained, 

analysis the group packing test results 
shown Figure 


Sacrificial Metal Tested 


This group consisted unwashed, oil lubricated 
braided packing with dry lubricant 
and sacrificial metal metal powder their con- 
struction assembly. The aluminum powder 
packing 4-4 had had the stearate removed prior 
use, packing 4-3 was the same except that the stear- 
ates had not been removed. The effectiveness sac- 
rificial metals can seen from the results obtained. 

Analysis the group packing test results 
shown Figure 

This group similar the group packings ex- 
cept that zinc chromate and sodium chromate inhib- 


* Dixon 200-8, 
¢ Dixon 1117 


Demineralized 


with packing designation 1-7. 


Figure 8—Stem corrosion with packing designation 2-2 tap water. 


158t 


4 
j 
q 


itors 
cial 
ever, 
econor 


Value 


The 


corre 
eimin 
results 
should 
area 
the 
minati 
area 
the 

Som 
this 
lection 


mined 
forms 

The 
type 
the 
ites 


q 19 
fl, 
a 
4 
q 
orem 
| 
q 
: 
Arti 


icants 
id, 

com- 
all re- 
les 


icated 
ricant 
con- 
ler 
ior 
stear- 
sac- 


inhib- 


CORROSION 


used instead sacrifi- 
these materials, how- 
favor the sodium 
which would more 
material than the zinc 


The test results appear sub- 
inactivate the soluble 
constituents asbestos 
jase packing necessary 
diminate substantially reduce the pitting valve 
material. Some differences were noted the 
the test locations. However, consideration 
given the measurement the corroded 
the area under examination. accurate deter- 
mination the extent the corrosion the small 
involved the method used would extremely 
and might account for the differences noted 
inthe test results. 

Some difference the corrosiveness various 
gades graphite was shown the third group 
this investigation which indicates that the asbestos 
untreated care should taken the se- 
graphite used. 


Natural Graphite Reactive 


graphite contains mineral matter some- 
the ash. The mineral matter, intimately 
with the mined graphite, generally con- 
considerable amounts iron compounds the 
magnetite, hematite, limonite, pyrite and 

The natural graphite packings this 
prone produce continual corrosion due 
slow conversion and oxidation the pyrite into 
compounds. The examination water 
the graphtie reveals nothing the high 
reactivity certain the natural graph- 
the presence ferric salts cause corrosion. 


Artificial Graphite May Better 


graphite non-magnetic, but the pres- 
both magnetic and pyrrhotite natural 
render this material magnetic. The higher 
artificial graphite due the absence 

mineral matter present the natural graphite. 
that artificial graphite would not 
steel the natural graphite due the 
mineral matter. 


Metals and Inhibitors Beneficial 


Results with sacrificial metals and chromate type 
incorporated untreated packing show 
that benefits can realized through their use. 


VALVE PACKING 


Figure 9—Stem corrosion with packing designation 5-2 tap water. 


the high operating temperatures ranging from 750 
1050 and with the present trend still higher 
operating temperatures the sacrificial metals and 
chromates which might incorporated the pack- 
ing would molten state. Normally, these 
materials possess good anti-corrosive properties, but 
very little data are available their corrosive effect 
steel elevated temperatures. 

All test stems used were AISI Type 416 stain- 
less steel, photographs representatives tests re- 
sults from various packing formations are shown. 
Each stem the following groups from different 
test location using the same type packing after 120 
days test. 

Packing Designation 1-7: Washed, silver nitrate 
soak and not lubricated. 

Figure shows stem numbers 58, and 13-2. 
Test water was tap, distilled and demineralized wa- 
ter, stem ratings were and respectively. 

Packing 2-2: Unwashed, dry graphite lubricant 
and oil lubricated. 

Figure shows stem numbers 17, and 21-3 
having ratings and respectively after ex- 
posure packing saturated with tap water for 120 
days. 

Packing 5-2: Unwashed, sodium chromate inhib- 
itor, graphited and oil lubricated. 

Figure shows stem numbers and having 
rating after 120 days’ exposure packing sat- 
urated with tap water. 


Packing Specifications Needed 


While results were not complete agreement, 
appears that treated packings are less corrosive than 
untreated packing. Since the inception this inves- 
tigation the use inhibited otherwise treated 
packings has been promoted more than previously. 
The only known specification for packing, metallic 
and non-metallic, plastic 33P-25C the Navy 
Department. This specification covers the general 
packing construction and tests but does not control 
the asbestos, graphite binder except general 
There definite need the valve and 
pump industry for packing specification limit 
control the corrosive agents present well the 
performance characteristics. 
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Conclusions 
The following conclusions can drawn from the 
results this investigation. 
packing treatment remove soluble corro- 
sive constituents include inhibitors beneficial 
eliminating retarding the corrosion valve 


stems. 
The choice graphite important but its im- 


portance may reduced the use packing 
treatment. 

Certain sacrificial metals included the pack- 
ing construction are beneficial. 
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Electrolytic 


Electrical Method Rust Removal 


From Tanker Ship Compartments 


Section 1—Introduction and Discussion 
Application Method 


every engineering application involv- 
ing the use ferrous materials, the problem rust 
forever present. The effectivenes the 
and preservation steel requires clean, rust- 
for optimum performance. Clean rubbing 
between the steel components machinery 


insure its uninterrupted operation. 


steel containers are reused for storing various 
other liquids and chemicals, often rust must 
removed prevent contamination. the past, 
mechanical and thermal methods have been 


for cleaning rust from steel and many 


they proved costly and not entirely effec- 
recent years great deal effort has been 
government and industry produce 
and efficient electrolytic descaling tech- 
method gradually receiving widespread 
for the cleaning relatively small ob- 
evidenced several commercial processes 
the American and British 

The that electrolytic descaling can accom- 
immersing small metallic articles tanks 

the electrolyte immersing larger 

mpon its directly the sea filling the tank, 
container cleaned with the electro- 
vhich cleaned this process. The British 

has successfully applied electrolytic de- 
badly rusted internal combustion engine, 
equipment, superheater header and 
other equipment. summary the 
has been effectively covered the lit- 

The electrolytic descaling processes avail- 
differ their essential elements but only 
modifications. The theory involved rela- 
However, the engineering necessary 
this theory effectively large surfaces and 
ile This paper will confined mainly 
the Bureau Ships descale and clean 
ship compartments Naval vessels. 


the Process 
The ability properly applied electric current 


rust from metals has been known for the past 
decades. Numerous patents have been filed 


tReprinted from J, Amer. Soc, Naval Eng., 68, No. 4, 1005-1050 (1954) 
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describing different ways derusting and descaling 

Basically the electrolytic method derusting 
metals requires that the material object being. 
cleaned rust, completely immersed in, 
rounded by, electrolyte sufficient conductivity 
carry and distribute the electric current needed for 
the derusting process. For marine purposes 
large scale, seawater appears most convenient 
and adaptable for use however, the 
electrolyte may well solution any several 
salts, acids bases. 

There are two ways which cleaning can ac- 
complished, one which the object being cleaned 
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Abstract 


detailed report the theory, technique and appli- 
cation electrolytic derusting the cargo tanks 
United States Navy tankships. After discussion 
the various aspects anodic and cathodic cleaning 
rust from steels, the theory the process, to- 
gether with account patents, army use the 
method and initial navy testing and applications 

Details the laboratory investigations preceding 
the application the descaling method are given, 
including apparatus and materials. Effects anode 
spacing, electrolyte composition, temperature, effect 
faying surfaces and dissimilar metals (alumi- 
num, zinc, lead and brass), additions sulfuric acid 
electrolyte, current reversals, detergents, hydro- 
gen embrittlement are surveyed. Results using anodes 
magnesium, aluminum, zinc, copper and platinum 
are reported. Volume gases given off the vari- 
ous anodes measured. 

Reports the electrolytic descaling nine vessels 
are given, including estimate the final tank 
conditions, optimum current density, anode area, cur- 
rent distribution, washing down operations, intermit- 
tent flushing, hydrogen evolution and cost compari- 
sons with conventional cleaning methods. Specific 
recommendations and account the practical 
details involved the procedure are given. tables, 
figures. 


made the anode, and the other which the object 
being cleaned made the cathode. Anodic cleaning 
rapid and capable leaving the metal 
bright smooth condition, When used the sole 
method cleaning objects that are heavily corroded, 
severe etching pitting may occur. However, has 
been found that caustic soda solution (less than 
weight), used electrolyte will liberate 
oxygen steel anode instead dissolving the 
anodic metal itself. general, except for superficial 
and electropolishing, the object cleaned 
seldom made the anode the electrolytic derust- 
ing process. Most commercial electro-cleaning meth- 
ods use combinations anodic and cathodic clean- 
The additional baths employed commercial 
cleaning processes usually consist degreasing 
agents, emulsifiers and wetting agents, rinsing baths 
and temporary anti-corrosive treatments, after de- 
scaling complete. order improve the appear- 
ance article, when cleaned cathodically, 
cyanides are sometimes added caustic solutions 
and the article given short reversal current, 
(anodic) the last step the descaling process. 

cathodic cleaning, the object being cleaned 
made the cathode the electrolytic circuit thereby 
eliminating the danger damaging the object 
through etching and pitting, The principles that 
apply cathodic protection also apply this method; 
the major differences being that the current density for 
electrolytic cleaning generally about 100 times greater 
more. Cathodic cleaning the only electrolytic process 
that can safely employed sea water electrolyte. 
Aside from the inherent advantage electrically protect- 
ing the article cleaned, the process free noise 
and dust. There mechanical thermal abuse 
the metal and lastly the process economically 
competitive. 


Limitations the Process 


Since single process can considered panacea 
for unlimited application, some its limitations 
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should borne mind. Tightly adherent scale 


rather good conductor electricity and 
non-permeable the penetration sea water, 


such, electrolytic descaling not effective remov- 
ing mill scale from steel surfaces. Aluminum and lead 


fittings will generally atacked due the alkaline 


reaction the cathode (cathodic corrosion) and 
therefore should masked removed from the 
electrolyte during electrolytic Further, the 


cathodic process usually involves the evolution 


hydrogen from the cathode. This constant source 


danger when descaling operations are performed 
confined spaces. Lastly, although mild steel does 
not exhibit tendencies hydrogen embrittlement 
when subjected cathodic cleaning, certain high 


tensile steel and stainless steels may become 


tled and therefore would require further treatment 
restore their ductility. 


the cathodic cleaning process, the electrode 


functioning the anode may one several mate- 
rials. Graphite anodes and steel shapes, usually the 
form rods, angles and plates have been used suc- 
cessfully. Scrap metal can utilized order keep 


costs minimum. High silicon iron being 


tigated possible low cost insoluble anode, The 
positive terminal direct current power supply 
connected the anode through rheostat suitable 


resistance and the negative terminal the power 


supply connected the object being 


Theory Electrolytic Derusting 


When steel placed electrolyte the cath- 


ode and ample electric current allowed flow,a 


reducing action occurs the metal surface, Hydro- 


gen ions attracted the surface clean 
cathode are converted layer hydrogen atoms 


which increase the steel electrode potential 


anodic direction. This phenomenon 
polarization. The applied voltage needed the 
required current during the descaling process causes 
the potential the clean portions the cath- 


ode raised above its hydrogen 


tage level 
which results the liberation hydrogen Under 


these conditions substantially corrosion 
the steel surface rusty, this action 
the cathode converts some the ferric 
droxides the ferrous These chemical 
changes weaken the rust scale and permit 
tion from the metal virtue its own ght. Any 
loosely adherent scale that remains can removed 


readily hosing down with water under 


hand scraping. The chemical reactions 

with electrolytic rust removal will vary somewhat 

depending upon the nature the 


The Cox Process—The early work Cox, 
dealing with electrolytic methods and 
electrocoating rusted and badly fouled stcel plates 
led extensive investigation the Bureau Ships 
several years later the practical application this 
process the descaling cargo tank compartments 
Navy oilers. Since the Navy was primarily 


ested restoring rusted steel its original clean 


bare condition and not coating the steel with 
careous deposits, some modification the 
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process resulted. The details the Cox process were 
worked out during World War but conditions 
that time did not permit extensive investigation for 
naval use. However, the descaling phase the proc- 
ess was considered sufficiently advantageous from 
the viewpoint saving time and manpower, that 
eneral instructions were prepared the Bureau 
Ships 1943 authorizing the removal rust from 
cargo tanks Navy oilers gasoline service this 
method. Even the process was not 


tried the Navy until several years after the war. 
Toward the end World War II, the Army Trans- 
portation Corps became very active developing 


suitable procedures for electrolytic defouling, descal- 
ingand ship hulls and tanker compart- 


ments. 
was 


April, 1955 


~ince great deal Army marine transport 
duty overseas, the work was performed 


Corps Headquarters, 14th Port, United 


The 
result, 
the 


Base, Southampton, 

\rmy work aroused British interest and 
everal independent investigations were made 
\dmiralty Corrosion Committee covering the- 


and practical considerations electrolytic 


1947, the Army authorized Newport 


News and Drydock Company outfit 


the freight and supply vessel, with special 


equipment serve floating laboratory for the 
large scale testing all aspects the electrolytic 


process. 


The results this extensive project are 


summarized final Several additional 


patents 
pletion 


were issued Colonel Cox the com- 


count the electrolytic descaling work which was 


underta 


ken Newport News Shipbuilding and Dry- 


dock Company was presented the annual meeting 
the Society Naval Architects and Marine Engi- 
neers 


Initiation Test Work 


The need for improved cleaning process for 
tanker cargo tanks became acute during the latter 
part 1947 and early 1948, result the tanker 
program. was therefore decided 
conduct experimental full scale trial the elec- 


trolytic 


cleaning method the cargo tanks the 


USS Cimarron the San Francisco Naval 
Shipyard. The results this trial were sufficiently 
1948, Puget Sound Naval Shipyard developed 
improved electrodes and utilized system providing 
much higher current densities than previously used. 

1948, project was established the Material 
Laboratory the New York Naval Shipyard for the 
investigation the many variables and principle sig- 


nificant 


factors involved, the derusting steel 


surfaces cathodic treatment with and without the 
formation the calcareous deposit. The highlights 
these studies are described Section the paper. 


Prior 


and concurrent with the laboratory work 


the New York Naval Shipyard, Puget Sound Naval 
Shipyard proceeded with experimental service trials 
Navy oilers the electrolytic method 
these ships became available the course normal 


yard The results the work both ship- 


ELECTROLYTIC DESCALING 


* Adapted from New York Naval Shipyard Final Report 5902 ‘‘Electro- 


yards were reported frequently each other and 
the bureau. This insured the incorporation current 
developments into the program the work devel- 
oped. Section the paper elaborates the practi- 
cal methods developed the Puget Sound Naval 
Shipyard. Charleston and Pearl Harbor Naval Ship- 
yards also descaled cargo tanker compartments 
two naval oilers methods similar those de- 
veloped Puget Sound. 


Section 2—Laboratory Investigations* 


Objective—The objective this investigation was 
experimentally explore the field electrolytic de- 
rusting applicable flat, plain ferrous surfaces 
and part the final objective able derust 
clean any metallic surface regardless its geo- 
metric configuration. 


Apparatus and Materials 


Specimens—The steel specimens used the cathode 
the majority the experiments were cut from 
large, previously unused sheet structural steel 
plate, inch thick. This steel plate conformed 
Type Grade Bureau Ships Specification 
4885(INT) November 1944. was covered with 
rather uniform layer mill-scale. Specimens were 
cut the desired size follows: 


were not subjected special treatment. 


requiring uniformly rusted surfaces 
were first treated for removal mill-scale 
pickling operation and then rusted over three- 
week period. The rusting operation consisted 
immersing the specimens for five-second period 
twice daily water containing three percent 
sodium chloride. The immersion periods were 
time am. and pm. for five consecutive days per 
week and during the intervening drying periods 
the specimens were separated and suspended 
air the ambient temperature degrees 


w 


Specimens requiring painted surfaces were first 
treated for removal mill scale, rinsed and washed 
fresh water, dried temperature degrees 
and then painted described later. 

Steel cathode specimens were used unless other- 
wise specified and all current densities are com- 
puted the inner surface area facing the anode. 

Anode materials were pieces inch diameter 
mild steel welding rod strips the inch 
thickness structural plate unless other metals are 
specifically noted. 


Electrolytes—The electrolytes were follows: 


1.Sodium chloride solutions various concentra- 
tions, prepared mixing reagent grade sodium 
chloride and distilled water. 


Synthetic sea water, prepared from distilled water 
and chemicals, following proportions: 


Grams per 
Material liter water 
3.40 


lytic Derusting of Metals” of 14 June 1950. 
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Detergents noted were added the electrolyte 
certain experiments. 


Equipment—The containers hold the electrolyte 
and anodes were either glass beakers, hard rubber 
battery cases wooden tanks the required size, 
later descrbide. 

The direct current power supply for the experi- 
ments was obtained from Navy standard portable 
storage batteries, usually class 6V-SMBD-130AH 
Navy Department Specification 17B4h. 

Rheostats for regulating current supply were the 
stepless control carbon pile type, with resistance 
100 ohms and dissipating capacity 750 watts per 
unit. 

Electrical instruments suitable range were used 
measure direct currents from milliamperes 
amperes and voltages volts. 

The electrolyte solutions were checked for 
means the Beckman meter. 

Tensile strength specimens were pulled for strength 
and elongation standard tensile strength ma- 
chine. Specimens for flexural strength tests were 
tested suitable machine. 


Procedures, Results and Discussions 


the initial phase these experiments the anode 
was single piece steel welding rod the same 
length as, and mounted paralled the vertical cen- 
terline the rusted steel plate which served the 
cathode (unless otherwise noted). Except for com- 
parison results obtained using synthetic seawater, the 
electrolyte was sodium chloride solution. 


Effect Cathode Current Density Time and 
Efficacy Rust Removal 


The experiments were made under identical condi- 
tions except that cathode current density ranged from 
0.10 1.00 ampere per square foot cathode sur- 
face area. Periodic readings were taken voltage 
required maintain the desired cathode current den- 
sity and the specimens were examined intervals 
order obtain information progress the 
derusting operation, The experiments were stopped 
over night, necessary, and discontinued when the 
specimens were free rust. 

The data plotted Figure indicate that the rate 
electrolytic derusting steel nearly directly pro- 
portional cathode current densities greater than 
ampere per square foot, other factors being equal. When 
the current density increased the order 1.0 am- 
pere per square foot the cathode gases vigorously 
and cleaned what appears proportionally 
shorter time. 

Figure contains the data from another series 
experiments which the cathode was inches 
width and the electrode spacing was only inches. 
Under these conditions derusting not directly pro- 
portional cathode current density within the same 
range shown Figure Apparently the electrode 
spacing was inadequate give the anode sufficient 
throwing power effectively cover the inch 
width the cathode. Electrode throwing power 
covered later paragraph. 
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Cathode 5x6x inch rusted steel plate 


Anode inch diameter steel welding rod 
Electrolyte per cent sodium chloride solution 

degrees. 

Electrode spacing |2 inches 


Amps. per sq. ft. 


Figure 1—Cathode current density derusting rate steel plates, 
70 


Anode inch diameter steel welding rod 


Electrolyte per cent sodium chloride 


Hours 


0.25 0.50 0.70 
Amps. per sq. ft. 


Figure 2—Cathode current density derusting rate stee! plates. 


: 
INCHES 


Figure 3—Electrode spacing time required for derusting plates. 

Cathodes inch rusted steel plate. Anodes inch diameter 

steel welding rod. Electrolyte percent sodium chloride solution 
Cathode current density 0.25 ampere per square foot. 


The current required for large scale derusting 
operation makes generally mandatory use 
low cathode current density will insure comple- 
tion the derusting operation with 
period time. This consideration would normally 
limit cathode current density within the range 
from 0.25 0.50 ampere per square foot 
surface area. Cathode current densities appreciably 
lower than 0.25 ampere per square foot are not ad- 
visable when the time element con- 
sideration. Cathode current densities higher than 
0.50 ampere per square foot normally are not 
sary may not advisable because 
factors involved such gas evolution and poss 
hydrogen embrittlement the cathode tal. 


Effect Spacing Between Electrodes Time 
Required for Derusting 


These experiments were run under identical 
tions except that spacing between cathode and 
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TABLE 1—Removal Mill Scale Steel Plates 


Cathodes 5x6x and inch steel plates with mill scale 
anodes inch diameter steel welding Electrolyte percent sodium 


Cathode 
Current Potential Mill 
Cathode Density Electrode | Between | Derusting Scale 
Size Amp./ Spacing | Electrodes Time Removal 
Inches Sq. Ft Inches Volts Hours Percent 
0.25 5.0 1.04 
0.25 5.0 1.12 None 
0.25 5.0 1.01 14 None 
0.25 5.0 0.99 21* None 
0.25 5.0 1.03 33 None 
5x6 0.48 2.5 0.63 
0.48 2.5 .69 7 None 
| 0.48 2.5. 68 22f None 
0.48 2.5 69 51 None 
0.96 2.5 95 51 None 
0.96 | 2.5 87 65 None 
144 2.5 1.15 None 
1.44 2.5 1.09 72 None 
5x6 0.96 2.5 0.88 
0.96 2.5 91 7 None 
0.96 2.5 91 14 None 
0.96 2.5 -93 22 None 
0.50 5.0 1.22 6 | None 
0.50 5.0 1.25 12 None 
0.50 5.0 1.27 19 None 
6x2 5.0 1.67 
0.75 5.0 1.56 None 
0.75 5.0 1.53 None 
* Curent reversed every 2 hours during last 12 hours. 
+ Cur ent reversed periodically after 22nd hour. 
In,cxperiments 3 and 4, two cathodes were used, with only one anode. 
was each case, ranging from inches 


inches steps inches. Voltage data and con- 


dition eathodes were recorded periodically. Opera- 
tions discontinued over night, necessary and 
upon complete removal rust from speci- 
mens. 


The data illustrated Figure indicate that elec- 
trode spacing, within the limits tested, does not 
affect derusting time. The variations which exist 
this data are not considered significant. 


Effect Spacing Between Electrodes Potential Re- 
quired Maintain Given Cathode Current Density 


Several experiments were run with electrode spacing 
progressively changed from foot feet. Cath- 
ode current densities were 0.75 and 3.30 amperes 
per square foot cathode surface area. The voltage 
required for each electrode spacing was measured 
over five minute period and the spacing then 
changed. The data plotted Figure indicate that 
the potential required for the derusting process 
function the electrode spacing and current re- 


Throwing Power Single Anode Relatively 
Large Cathode Surface Area 


this experiment the cathode surface was 122 
inches. The anode was located inches away from 
the vertical centerline the cathode 122 inch dimen- 
sion, Cathode current density was maintained 0.75 
ampere per square foot inner exposed area. Ob- 
servations were made potential required and 
amount cathode surface derusted. 

The area closest the anode was derusted first 
and then progressively, the more remote areas. The 
which complete derusting was accom- 


ELECTROLYTIC DESCALING 


5 10 5 20 25 


| | 

| 10% Ast 
WIPED 
| OFF WITH 
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POTENTIAL —VOLTS 


400 


Figure 4—Electrode spacing potential required for derusting steel 

plates. Cathode rusted steel plate. Anode diam- 

eter steel welding rod opposite center cathode. Electrolyte percent 
sodium chloride solution 


rod 
SOFT Block oxide coating 


SOFT, Black oxide coating 


Derusted hours 


Figure 5—Throwing power single anode relatively large cathode 

steel plate. Cathode rusted steel plate. Anode 

sodium chloride solution Electrode spacing inches. Cathode 
current 3.43 amperes. 


that rust was removed entirely the center 
inches the total 122 inches and was partially re- 
duced soft black oxide the remainder the 
plate. Although the derusted area limited, the 
throwing power the anode sufficiently good 
make only necessary avoid excessively close 
electrode spacing the design electrode sys- 
tem, since the area that may derusted using 
single rod anode can enlarged increasing the 
distance between electrodes. 


The correct spacing between the anode and cath- 
ode will depend some extent upon the size and 
nature the derusting operation and the voltage 
the available power supply. The voltage required 
for derusting increased the electrode spacing 
increased, because the added resistance the 
current path. order utilize the throwing power 
the anode and keep the number anodes 
minimum, the anode should least five feet 
from the closest part the cathode, provided space 
permits. The cost rigging anodes appre- 
ciable item large installation, but important 
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for complete derust|ing 
7 15 
Potentio! \ 
end 
9 
re} 
> 2 Gn 


0.25 0.50 Ls 3.0 4.5 6.0 12.0 
Solinity, per cent NaCl 


Figure 6—Electrolyte salinity time required for derusting steel plates. 

Cathode rusted steel plate. Anode diameter 

steel welding rod steel strip. Electrolyte sodium 

chloride solution Electrode spacing inches. Cathode 
current density 0.50 ampere per square foot. 


Cathode inch rusted plate 
(A) Anode inch steel strip 


(B) Anode inch diameter steel welding rod 
Electrode spacing inches 

O=3% Sodium chloride solution 
Synthetic sea water 


Hours 


0.50 0.75 


Amps /sq ft 


0.25 


Figure 7—Comparison percent sodium chloride solution and 
synthetic sea water with time required for complete derusting. 


that the anodes located assure satisfac- 
tory distribution current the cathode. Anode 
location important factor derusting large 
space, such tanker compartment wherein the 
anode throwing power may affected pipes, 
stiffeners, other structural members. 


Removal Mill-Scale the Electrolytic Method 


Several experiments were made determine the 
efficacy this method the removal tight mill 
scale. The specimens were coated with the original 
mill scale and had only small rusted areas. Various 
electrode spacing and cathode current densities were 
used. The observations were made the applied 
potential and the condition the cathodes. The data 
from these experiments are presented Table 
should noted that this method, using sodium 
chloride the electrolyte, was not effective re- 
moving tight mill scale, even though the ampere 
hours current applied was considerably excess 
that normally required remove 


Since thin tenaceous mill scale composed mainly 
ferrous oxide (FeO) next the metal chemical 
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Cathode sxext inch rusted steel plate 0 * 3% Sodium chloride solution 
(A) Anode inch steel strip Synthetic sea water 


— Start of derusting 
(B) Anode inch diameter welding rod 


Completely derusted 


0,25 0.50 0.75 
Amps /sq ft 


Figure 8—Comparison percent sodium chloride solution and 
synthetic sea water with potential required three current 


ELECTROLYTE TEMPERATURE 


Figure 9—Electrolyte temperature derusting time plates. 
strip. Electrolyte percent sodium chloride solution. Electrode 
inches. Cathode current density 0.50 ampere per 


TABLE Electrolytic Derusting Adjacent Painted 
Surfaces 

Cathode steel plate half rusted and other half painted. 

Anode steel strip. Electrolyte percent sodium chloride 

solution Electrode spacing Auxiliary painted plate 

immersed electrolyte but not electrically connected. 


Cathode Condition Plates 
Current De- Potential| 
Density rusting | Between | Cathode | Aux. 
Amp./ Percent Painted Painted 
Sq. Ft. Hours Volts Clean* Cathode | Plate 
0.25 0.49 
| 3 .57 Rust Loose 
6 67 é Loose at edges 
| 10 | .67 75 Blistered | 
0 50 | 0 ] 0.90 
2 | 97 Rust Loose | 
6 | .96 ‘ Loose at edges 
| 9 100 Blistered | 
100 Paint off effect 
| 2 1.27 50 | 
| 6 1.18 100 Loose at edges | 
10 1.19 Blistered 
1.19 Paint off effect 
1.00 0 | 1.54 
2 1.43 60 Loose at edges | 
1.36 100 Blistered 
Falling off 


* After brushing with wet waste. 


reduction hydrogen pure metal can- 
not occur ambient temperatures. Further, 
ence strong alkaline environment near steel 
cathode would tend maintain the oxide 
its surface. 

The second phase this investigation 
using cathode specimens which were uni ormly 
rusted prior the start the 
anodes and/or the electrolytes were modified 
cated for each case. 
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Effect Electrolyte Salinity Time and 
Efficacy Rust Removal 


series experiments were run under identical con- 
ditions except that the salinity the sodium chloride 
electrolyte was varied from 0.25 percent. Obser- 
yations were made potentials and condition 
cathodes. The experiments were stopped shortly 
after had been completed. 

The data plotted Figure indicate that the time 
required for derusting excessive with electro- 
lyte low salinity, other factors being equal. Rea- 
rapid derusting may accomplished when 
the salinity 1.5 3.0 percent. Higher salinities fur- 
ther reduce the time required for derusting but not 
proportion increase salinity. should also 


that when the electrolyte salinity low 
the required may excessive. practical 
appears between 1.5 3.0 percent, 
1.0 percent may also suitable depending 

Derusting with Electrolytes Consisting 


Chloride Solution and Synthetic Sea 


Different Current Densities 
experiments were run with each the two 
and observations made the voltage 
requir and the condition the cathodes. The ex- 
its were discontinued shortly after derusting 
had completed one run, and were continued 
until heavy residual deposits had accumulated 
the cathodes the other series. 

was shown that there was little difference be- 
tween two electrolytes the time required for 
The residual deposit left the cathode 
for the two electrolytes, being white for 
sea and black for the sodium chloride solution. 


analysis the white residual coating 
showed principally magnesium with small amounts 
iron, silicon, aluminum, boron 
phorous order importance. X-ray analysis 
the coating revealed percent magne- 
sium hydroxide. X-ray analysis the 
black residual deposit showed Fe,O, (magnetite), 
only, 

The similarity between derusting times and the 
potentials recorded are illustrated Figures and 
respectively. Figure lines are used connect 
comparison points the bars. 


Effect Electrolyte Temperature Time and 

Efficacy Rust Removal 
this series tests observations were made 
voltage required and the conditions the rusted 
cathodes until derusting was complete. 

The data indicate that the process effective 
rust from steel plates when the tempera- 
ture the electrolyte 40, 100 Within 
these temperature limits, saving time indi- 
cated the use 100 electrolyte and con- 
electrolyte temperature within these 
limits not important factor the derusting 
Process, Figure illustrates the differences de- 
time and voltage obtained the three tem- 
Duplicate runs were made and 100 
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Effect Electrolytic Derusting Adjucent Painted 
Surfaces 

this series experiments the cathodes consisted 
which was sandblasted clean and painted. The paint- 
ing consisted coat zinc chromate primer fol- 
lowed hours later coat oleoresinous 
white paint which also was allowed dry hours. 
The anodes were inch steel strips. The 
electrode spacing was inches and the electrolye 
was percent sodium chloride solution tem- 
perature 


The cathodes were derusted using current densi- 
ties 0.25, 0.50, 0.75 and 1.00 ft. auxil- 
iary plate painted described for the cathodes was 
suspended the electrolyte but was not included 
the electrical circuit. Observations were made 
derusting time, potential between electrodes and the 
condition the paint both the connected and un- 
connected plates. Derusting occurred manner 
similar that previous tests, removal being ac- 
complished after hours 0.25 ft. and 
after hours 1.0 amp/sq. ft. The paint the 
other half the cathode was deteriorated the 
process. The paint was removed completely after 
hours’ exposure all the current densities tried, 
there being little variation the rate re- 
moval due the difference the current densities. 
The paint the auxiliary plate was not affected 
visibly immersion salt water during the test. 
The data for these tests are contained Table 

The third phase the investigation dealt with 
additional factors involved the electrolytic derust- 
ing process and with identification and removal 
residual coatings deposited cathodes when the 
process was continued beyond the time required for 
removal rust. These experiments are described 
the following paragraphs, 


TABLE Electrolytic Cleaning Faying Surfaces 
Cathode inch steel plate with inch faving surface. 
Anode inch steel strip. Electrolyte percent sodium chloride 

solution Electrode spacing inches. 


| Cathode | 
| Current | De- Potential | Remarks on Cathode 
Density rusting Between |——-— - — 
Faying | Amp./ | Time _ Electrodes Exposed Faving 
Surface Sq. Ft. Hours Volts Area Area 
Rust-rust 0.25 | 0 0.46 
8 | 48 50% clean* | 
24 66 100% clean* | Still rusted! 
| 8 15 60% clean* | 
16 87 | 85% clean* | 
| 20 .92 100% clean* | Still rusted? 
| | 24 1.09 100% clean* | 
| 5 1.12 50% clean* 
1.20 80% clean* 
| 13 1.27 100% clean* | 
| 16 1.27 100% clean* | Still rusted? 
Rust-rust | 1.00 0 1.09 | | 
4 1.21 50% clean* | 
8 1.31 85% clean* | 
} 10 | 1.33 100% clean* | 
16 1.36 Still rusted 


100% clean* 


* After wiping with wet waste. 

1 50% of rust in original condition, others soft and black. 

2 60% of rust in original condition, others soft and black. 

3 90% of rust in original condition, others soft and black. 
495% of rust in original condition, others soft and black. 
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TABLE 4—Effect Electrolytic Cleaning Faying Surfaces 
Cathode inch steel plate with inch faying surface. 
Anode inch steel strip. Electrolyte per cent sodium chloride 

solution Electrode spacing inches. 


Cathode 

Current De- 
Density rusting 
Amp./ Time 
Sq. Ft. | Hours 


Potential 
Between | 
Electrodes 


Remarks on Cathode 


Faying 
Area 


Exposed 


Faying 
r 


Surface 


Clean steel- 0.50 
paint 


50% clean* 
90% clean* 
100% clean* | Steel rusty. 
paint good 


Rust-paint 
50% clean* 
90% clean* 
100% clean 


Unaffected 


Paint-paint 0.50 

50% clean* 
90% clean* 
100% clean* | Unaffected 


Clean 

clean steel] § | 50% clean* 
90% clean* 
100% clean* 


Rusty 


| 
| 


* After wiping with wet waste. 


TABLE 5—Effect Dissimilar Metal and Faying Surfaces 


Cathode inch steel plate, inch area rusted and inch 

area clean and attached dissimilar metal. Anode steel 

strip. Electrolyte per cent sodium chloride solution Electrode 

spacing inches. Cathode current density 0.50 ampere per square 

foot. Auxiliary strip dissimilar metal immersed electrolyte but not 
electrically connected electrodes. 


| 
Remarks on Cathode | 


De- Potential | - 
rusting Between Rusted 
Time Electrodes Plate 
Hours | Volts % Clean* | 


Auxiliary 
Dissimilar 
| Metal Plate 


Dis- 
similar 
Metal 


Dissimilar 
Metal 


Brass 0.61 | 
| 101 | 50 


Discolored | Clean 


Aluminum 0.74 
91 | | 
-93 | Corroded, 

| slightly pitted | 


| Discolored 


0.86 

97 | | White film, no} 
pitting | 


White film 


| 50 | 

100 | Slight white 
| film 


| Slight white 


| film 


* After wiping with wet waste. 
Faying surfaces were not pitted. 


TABLE 6—Residual Deposit Steel Plate After Excessive 
Electrolysis Synthetic Sea Water Electrolyte 


Cathode inch rusted steel plate. Anode inch steel 
strip. Electrode spacing inches. 


Potential 
Between 
Electrodes 
Volts 


Cathode 

Current 

Density 
Amp./Sq. Ft. 


1.00 


Derusting 
Time 


Hours Remarks on Cathode 


Rust loose 

100% clean 

Slight white residual coating 

Heavier white residual coating 

Heavier white residual coating 
| Heavier white residual coating 


Spectrographic analysis of the white residual coating showed principally 
magnesium, with small amounts of iron, calcium, silicon, aluminum, boron and 
phosphorous in order of importance. 

X-ray analysis of the white residual coating showed 80 to 90 percent of 
magnesium hydroxide. 
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Electrolytic Cleaning Faying Surfaces 


Experiments were run determine whether faying 
surfaces could cleaned. The conditions were 
follows: 


Electrolyte—3 percent sodium chloride solution. 

Electrode inches. 

Cathode current 1.00 ampere per square 
foot exposed inner surface area. 

Each cathode was composed one plate inch 
with one-half its surface, facing the anode, 
inch steel plate secured with six inch 
diameter steel bolts and nuts. The 
both cathode parts were rusted previously described 
for all cathodes. The various faying surfaces were fol- 
lows: 

Rusted steel against rusted steel. 

Clean steel against clean steel. 

Painted steel against painted steel. 

Rusted steel against painted steel. 

Clean steel against painted steel. The clean 
prepared cleaning with wire brush and 
paper. The painted faying surfaces were 
painted described previously. 

The electrolysis was continued until the exposed rusted 
parts the cathode were free from rust and in- 
stances longer. During the process recordings 
and cathode condition were Promptly com- 
pletion electrolysis the faying surfaces were 
bled and examined. 

The data Tables and indicate that 
trolytic process not effective cleaning 
surfaces, even when continued beyond the point 
where the exposed cathode surfaces are clean. Fur- 


ther, rusting will likely occur steel faying surfaces 
which were clean the start the process. 
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Effect Electrolytic Cleaning Dissimilar Metals 
Attached Rusted Steel Plates 


During these experiments various non-ferrous metals 
were attached rusted steel cathodes. The follow- 
ing conditions 


Electrolyte—3% solution sodium chloride 
ture 
Electrode inches. 
Cathode current density—0.50 ampere per square 
inner surface area. 
metal strip inch was attached six inch 
steel bolts with steel nuts. This produced faying surtace 
between the steel plate and the dissimilar dis- 
similar metals were: 
Aluminum, Alcoa 2S, 99.1 percent pure. 
Zinc, 99.9 percent pure. 
Lead, 99.9 percent pure. 
Brass, percent copper and percent zinc. 
During each experiment, duplicate the was 
immersed the electrolyte, but was not 
either electrode. 
The experiments were run until the cathodes 
completely derusted. Then the dissimilar metals 
bolted and all parts thoroughly examined. 
The data presented Table indicate the 
brass, zinc and lead were not appreciably 
ting occurred the exposed surface the 
num, but not the faying surface. The that 
attack occurred aluminum, combined with other 
data presented later regarding the nature 
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damage was caused alkalinity generated the 
cathode. Thus, any application cathodic cleaning 
methods should carefully consider the nature the 
metals cleaned well that the electrolyte. 


Residual Deposits Steel Cathodes During 
Electrolytic Derusting 


series experiments was run investigate the 
formation residual deposits steel cathodes dur- 
ing electrolytic derusting. these experiments, nor- 
mally rusted steel cathodes were used, the anodes 
were steel strips, and various cathode current densi- 
ties electrolytes were used, the details which 
can found Tables and The electrolysis 
was extended beyond the time required for 
derusting the cathodes. 


The residual deposits left steel cathodes found 


experiments described above were identified 
X-ray and/or chemical analysis. 
Also, the residual material left steel compartment 
walls vessel undergoing cleaning New York 
Shipyard was analyzed. The results are in- 
Tables and When the electrolyte 
sea water the residual deposits are white, 
and the electrolyte sodium chloride solu- 
tion deposits are black; The white deposit from 
the sea water formed current density 
1.0 amp/sq. ft. was percent magnesium 
hydroxide with small amounts iron, calcium, sili- 
con, boron and phosphorous. The black 


deposit resulting from the percent sodium chloride 
solution current density 0.25 ft. had 
acomposition 100 percent (magnetite). The 
black deposit from the floating drydock using 
percent sodium chloride solution and current den- 
sity 0.10 amp/sq. ft. was composed percent 


Effect Current Reversal Residual Deposits 
Left Steel Cathodes 

The residual deposits were formed steel plates 
using synthetic sea water the electrolyte and con- 
tinuing the electrolytic derusting process longer than 
necessary remove the rust. The current was then 
reversed that the anode became the cathode and 
vice versa. The results Table indicate that the 
long time reversal the current did not appreciably 
remove the white deposit. 


Effect Addition Sulfuric Acid Electrolyte 
Starting Derusting Process 
this series experiments various percentages 
sulfuric acid were added the electrolyte prior 
starting the derusting process. The experiments ran 
concurrently. Periodic observations were made 
voltage and condition cathodes. The passage 
was continued until the residual coating had 
been formed had failed form during hour 
after rust removal. The electrolyte was 
measured the start and the end the period, 
Figure illustrates some the data recorded. 
noted that the the synthetic sea 
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of electroyte after derusting 


PH delow winch no white deposit formed 


PH of electrolyte \ 
at stort of derusting—— 


Figure 10—Effect addition sulfuric acid synthetic sea water 
electrolyte initial and final and time for complete derusting. 
Cathode steel strips. Anode diameter steel weld- 
ing rod. Electrolyte synthetic sea water Electrode 
spacing inches. Cathode current density 0.25 ampere per square foot. 


TABLE 7—Residual Deposit Steel Plate After Excessive 
Electrolysis Percent Sodium Chloride Solution 


Cathode inch rusted steel plate. Anode inch steel 
strip. Electrode spacing inches. 


Cathode Potential 
Current Derusting Between 
Density Time Electrodes 
Amp./Sq. Ft. Hours Volts Remarks on Cathode 
0.25 0 0.23 
6 39 Rust becoming loose 
22 .66 Slight residual black deposit 


scraped off for analysis 


X-ray diffraction analysis of the black residual deposit showed Fe3Os, only. 

X-ray diftraction analysis of a black residual deposit taken from the steel 
walls of tank compartments of the vessel ARD-7 after 168 hours at electrolysis 
in 1 percent solution chloride solution with platinum anodes at cathode current 
density of 0.10 ampere per square foot, showed as follows: 65 percent FesOs, 
35 percent FeO.OH. 


TABLE 


Cathode inch rusted steel plate. Anode 1x6x inch steel 
strip. Electrolyte synthetic sea water Electrode spacing inches. 


Cathode De- Voltage 
Current rusting | Between 
Density Remarks 
Amp./Sq.In.| Hours Volts | Remarks on Cathode) on Anode 
1.00 0 1.05 
4 1.37 100% clean 
5 1.38 Slight white deposit 
8 1.33 Heavier white deposit 
Current 24 1.39 Heavier white deposit 
Reversed 24 1.39 
32 1.51 Unaffected 
96 1.67 Unaffected 
120 1.65 Unaffected 
1.00 0 1.22 
4 1.52 100% clean 
| 5 1.51 Slight white deposit 
| 8 1.49 Heavier white deposit 
Current 24. 1.43 Heavier white deposit 
Reversed | 24 1.39 
32 | 1.67 Unaftected 
96 1.83 Unaftected 
120 1.77 Unaffected 


NOTE: The cathodes became anodic when the current was reversed but the 
white residual deposit was unaffected. 


water became less and less fairly constant man- 
ner with each addition Figure this 
illustrated the curve labeled “pH electrolyte 
start derusting.” The corresponding curve for the 
“pH electrolyte after derusting” indicates that this 
remains practically unchanged for additions 
acid 0.34 percent. Between this concentration 
and 0.86 percent the becomes much lower and ap- 
proaches that the electrolyte before derusting 
throughout the remainder concentrations. None 
the white deposit was formed the cathodes for acid 
concentrations 0.86 percent and greater which cor- 
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formed however concentrations 0.34 percent and 
less. The other curve “time for complete derusting” 
indicates that the first additions acid, even though 
minor amount, causes appreciable drop the 
time required for complete derusting. Further addi- 
tions acid 0.86 percent causes only slight 
decrease time. Above that concentration the time 
required again decreases appreciably with each in- 
crease acid content. 


was noted that when sulfuric acid was used 
the electrolyte the resulting bare surfaces were left 
highly active condition and were thus subject 
rapid rerusting, especially the acid was not thor- 
oughly removed, 


Effect Adding Sulfuric Acid the Electrolyte 
After Formation Residual White Deposit Steel 


this series experiments the acid was added after 
the steel had been derusted and heavy white deposit 
formed. The results are plotted Figure 11. Appar- 
ently slightly less acid required remove the 
residual white deposit the acid added after the 
derusting complete and the electrolytic process 
continued than the acid added the start the 
cleaning process. The white deposit may removed 
adding relatively small amount sulfuric acid 
but this case the time required about hours. 
When the amount sulfuric acid added 0.80 per- 
cent more weight, the time required for clean- 
ing the steel the white deposit four hours less. 
permit rapid removal the white deposit, elec- 
trolyte must reduced the order lower. 

Further work the effect acid additions the 
efficiency descaling has been accomplished the 
Civil Engineering Research Laboratory, Port 


Effect Electrolytic Derusting Hydrogen 

Embrittlement Steel 
Two series tests were run. the first, the cathodes 
were tensile strength specimens 3.25 inches length 
and 0.357 inch diameter prepared from medium 
carbon steel. These clean cathodes were electrolyzed 
synthetic sea water for hours using 
current density 1.00 ft. exposed surface 
area. The anodes were steel strips inch 
located inches from the cathodes. the end the 
electrolysis period, the cathode specimens were tested 
for tensile strength and elongation and the results 
compared with those from similar specimens unelec- 
trolyzed. The results are tabulated and averaged 
Table will noted that there was appreci- 
able difference between electrolyzed unelectro- 
lyzed specimens. recognized that the data pre- 
sented the subject test are open criticism 
the method used did not adequately test for loss 
ductility. 

the second series tests the cathodes were pre- 
pared from two pieces medium-carbon structural 
steel, each inch. These pieces were butt- 
welded and then cut into flexural test specimens each 
inch with the welded section the center 


TABLE Electrolytic Descaling Hydrogen 
Embrittlement Steel 


Tensile strength specimens 3.25 0.357-inch diameter 


Percent 
Tensile Elongation 
Yield Breaking | Strength | in 1.4 Inch 
Specimen Point Point Lbs./ Gage 
Number Electrolyzed Pounds Pounds Sq. In. Length 
4600 6500 65,000 36.5 
4800 6700 67,000 36.5 
4600 6700 67,000 37.3 
Average 1-3 No 4666 6633 66,330 36.8 
Yes 4825 6675 66,750 37.1 
Yes 4750 6600 66,000 
Yes 4850 6700 67,000 
Average 4-6 Yes 4808 6658 66,580 37.1 


TABLE Electrolytic Descaling Hydrogen 
Embrittlement Steel 


Flexural strength, welded steel specimens 


Maximum | Deflection 


Specimen Load Angle Specimen 
Number Electrolyzed Pounds Degrees Fai!ure 
No | 8000 180 None 
No | | 180 | None 
No 9300 | 180 N. ne 
Average 1 to6..... | | 8542 | N. ne 
Yes | 8100 180 | None 

Yes } 7900 180 N une 


Average 7-12....... 7900 | None 


TABLE 11—Effect Adding Addition Agents 
Before Electrolytic Descaling 

strip. Electrolyte synthetic sea water Electrode spacing inches. 

Cathode current density 0.25 ampere per square foot, 


De- Voltage 
| rusting Between | Elec- 
Addition | Time (Electrodes trolyte 
Agent Hours Volts | pH | Condition of Cuthode 
18 40 | 5.51 | 90% free of rust 
19 | | | 100% free of ru 
42 | hf | Heavy white deposit 
48 75 5.00 | Heavier white deposit 
Antarox A-180.. .| 0 | 0.27 6.60 | Rusty 
0.04% by volume | 18 | .68 5.62 100% free of rm 
26 | 75 Slight white deposit 
42 78 Heavy white deposit 
Antarene X-235. . 0 0.37 8.22 Rusty 
0.2% by weight. . 18 Py 7.66 | 80% free of rust 
| 22 71 100% free of ru 
26 eg | Slight white deposit 
| 42 | By (+) | Heavy white deposit, 
| 48 75 6.62 | Heavier white deposit 
Antaron L-135...| 0 0.30 6.87 Rusty 
19 381 5.97 | 100% free of ru 
27 .87 Slight white de; sit 
| 49 | 85 | 5.94 | Heavier white osit 


the inch dimension. These clean specimens were 
hours current density 0.50 amp. per sq. 
exposed surface area. The anodes were steel 
the end the electrolysis period, the 
specimens and similar specimens 
subjected transverse bend test, with the load 
applied the welded part, through angle 180 
degrees, The results are tabulated and 
Table 10. will noted that the average <ural 
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TABLE Adding Addition Agents Electrolyte 
Before Electrolytic Descaling 


strip. Electrolyte percent sodium chloride solution Elec- 
trode spacing inches. Cathode current density 0.25 ampere per 


square foot. 
De- Voltage 
a Agent Hours Volts pH Condition of Cathode 
Rusty 
: 22 .66 5.97 Free of rust, slight 
q black deposit 
A-180 0.15 6.72 Rusty 
a 0.04% bv volume. 5 48 Rusty 
s 21 .62 6.33 60% free of rust 
a 29 74 Slight black deposit 
~ 47 78 5.99 Heavier black deposit 
= : 0.2% by weight.. 5 45 Rusty 
: | 21 40 | 9.84 90% free of rust 
23 By | | 100% free of rust 
1 | 29 | 75 | | Slight black deposit 
47 | ‘a 9.40 | Heavier black deposit 
Antaron |. -135 0 | 0.24 | 6.80 Rusty 
0.1% t eight. .| 5 | 45 | | Rusty 
4 | 21 79 | 6.63 | 90% free of rust 
q | 29 .80 | Slight black deposit 
q 47 | 79 6.63 Heavier black deposit 


for the 
troly 


electrolyzed specimens was 7900 
compared 8542 pounds for the unelec- 
and that none the specimens failed 
withs ind bending through angle 180 degrees. 


the anticipated adverse effect hydro- 

ven embrittlement, concluded that such 
that impact testing data the exposure 

the specimen under stresses would have been more 

The fourth phase this investigation dealt with 
the the addition detergents, use anodes 
than steel, and the application this electro- 

method the cleaning scale coated brass 
condenser tube. 

Electrolytic Cleaning 
The following proprietary addition agents, quanti- 

ties recommended the manufacturer, were 

added the percent sodium chloride and synthetic 
sea electrolytes the start the cleaning process. 

A-180, alkyl aryl polyethylene glycol, 

oily viscous liquid. 
zylic diamine, white powder. 

L-135, the sodium salt fatty amide 
sulfonate, white powder. 
Periodic observations were made voltage re- 
condition cathode, time required for de- 
and electrolyte reading. These data are 
Tables and 12. The three addition 
ere used, were not effective reducing the 
required for derusting preventing the for- 
mation residual deposits the cathode when the 
cleaning period was extended beyond the time re- 
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Cothode inch rusted plate 
Anode IX6X inch steel strip 
Electrolyte synthetic sea water at 69 to 72 degrees F., IO liters 
Electrode spacing '4 inches 
Cathode current density 0.25 amperes per squore foot 


Hours for removal} 


Figure 11—Effect additions sulfuric acid the electrolyte after 
formation residual deposit the rate removal. 


synthetic sea water 69° 


a 


Magnesium Aluminum Zinc Steel 
10.75 to 0.90 umpsAq. ft} 0.25 amps/sq. ft. 0.50 to 0.25 amps/sq ft, 0.25 omps/sq. ft. 


Figure 12—Effect use various anodes derusting steel 
time derusting. Cathode rusted steel plate. 
Anode strip metal. Electrode spacing inches. 


0.30 0.50 0.70 0,90 


Volts 
Figure use various anodes derusting steel 
potential between electrodes. Electrolyte synthetic sea water 


The Effect the Use Other Soluble Anodes 
Lieu Steel Anodes 

this series the cathodes were rusted steel, the 
anodes were strips steel, magnesium 99.8 percent, 
aluminum Alcoa 99.1 percent and zine 99.9 per- 
cent. Electrocleaning was continued until the steel 
cathodes had been derusted and then for additional 
period note the formation residual deposits. 
Observations were made the voltage required and 
electrolyte. The data indicate that soluble 
non-ferrous anodes such magnesium, aluminum, 
and zine may used lieu steel during the de- 
rusting process. However, these metals are normally 
electronegative with respect steel therefore the 
applied voltage would normally high when main- 
taining the anode electropositive with respect steel 
during the derusting process. The effect the use 
the various anodes illustrated Figure 12. For 
magnesium and initially for zinc, was impossible 
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attain current density low 0.25 amp/sq. ft. 
when applying voltages for reversing the polarity 
these metals with respect steel. should noted 
for example, that the time required for complete de- 
rusting when using magnesium anodes, was approxi- 
mately that when using steel, but that the 
amperage for magnesium was times more than 
for steel. The comparison between the use alumi- 
num and steel anodes, however, leads the conclu- 
sion that may possible decrease derusting 
time the substitution aluminum for steel with- 
out proportionate increase current consumption. 
Figure illustrates the effect the use various 
soluble anodes the potential measured between 
the electrodes when using synthetic sea water the 
electrolyte. Essentially the same type data was 
obtained when using percent sodium chloride. 
zero impressed current the galvanic circuit potential 
was observed the same between steel and the 
various non-ferrous anodes either the synthetic sea 
water electrolyte the percent sodium chloride 
solution. also interesting note that the residual 
deposits the cathodes when using synthetic sea 
water the electrolyte were recorded heavy for 
magnesium and steel anodes and slight for alumi- 
num and zinc anodes, 


The Effect the Use Insoluble Anode 
Platinum Lieu Steel Anode 


this series the cathodes were rusted steel plates 
and the anodes were sections platinum wire, The 
experiments were continued until the cathode rust 
had disappeared and residual deposits had developed. 


TABLE Insoluble Anode, Platinum 
During Derusting Steel Plates 


Cathode 134 rusted steel plate. Anode platinum wire, 
0.015 inch diameter, 10-inch loop. Electrolyte temperature Electrode 


| | 


De- Voltage | | 
Electrolyte | rusting | Between | Elec- | 
Addition | Time (Electrodes) trolyte | 
Agent Hours | Volts | pH Condition of Cathode 
1% NaCl 0 | 6.60 | Rusty 
Solution...... 2 | | Rusry 
18 | | Rusty 
Rusty 
42 4.00 25% free of rust 
66 | 80% free of rust 
72 | | 100% free of rust 
Synthetic | 0 1.77 6.46 Rusty 
Sea Water | 6 2.18 | Rusty 
| 23 | 2.24 3.82 | Rusty 
31 | 2.22 ; Rusty 
47 | 2.33 | 10% tree of rust 
55 | 2.32 | | 20% free of rust 
78 | 2.29 | 70% free of rust 
88 | 2.29 | 100% free of rust 
96 | 2.29 | 4.27 | Slight white coating 
| | 


lost no weight. Slight odor of chlorine was noted. 


TABLE 14—Analysis Sample Scale Removed from the 
Brass Evaporator Tube from the USS Tanner 


| | 


/O 
Loss on ignition (chiefly CO2).| 30.73 | 
SiOz. . 6.25 
Fe203. 10.53 
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The condition cathodes, required voltage and 
electrolytes are recorded Table 13. ap- 
pears practical use platinum wire under certain 
circumstances. The time required for complete de- 
rusting was greater than for other anodes tested due 
the limited current carrying capacity the wire 
used. Present day commercial techniques cladding 
wire and metal bars with thin impervious layer 
platinum can reduce the initial high cost platinum 
installation and the same time increase current 
carrying capacity such system that can 
compete economically with steel anodes. Light weight 
platinum-clad wires can suspended conveniently 
with nylon other suitable cords resulting 
ing labor. interesting note that the plati- 
num exhibited loss weight during the derusting 
process and did not prevent the formation resid- 
ual deposits the cathode after the rust had been 
removed. chlorine odor was detected the 
platinum anode was used. Recent 
high silicon raw materials show promise in- 
expensive fairly insoluble anode. 


The Application the Electrolytic Cleaning Method 

the Cleaning Scale Coated Brass Condenser Tube 
The tubes for this experiment were removed from 
the first effect tube nest the low pressure 
unit the USS Tanner. They consisted two sections 
each feet long and diameter, heavily 
coated the outside with scale. these experi- 
ments the cathode consisted 6-inch length the 
tube with the lower inches immersed percent 
sodium chloride electrolyte. The anode was steel 
welding rod placed inches from the cathode. 
ft. the scale was somewhat loosened and could 
picked off, except the side the tube away from 
the anode. Heavy gassing occurred points where 
the scale was broken. second run for hours 
using current density 0.25 amp/sq. ft., produced 
effect the scale except for slight removal where 
the scale was broken the start. repeat the 
second run, but with all breaks the scale bare 
metal carefully coated with sealing wax, 
current flow all. Another repeat the sccond 
run but with percent hydrochloric acid weight 
added the electrolyte, resulted the 
percent the scale within 150 minutes with some 
hard spots remaining. comparison, similar 
men the tube immersed percent weight 
hydrochloric acid was completely cleaned scale 
120 minutes. When using percent hydrochloric acid 
the cleaning time for tube section was minutes. 
From these results concluded the 
lytic cleaning method will not effective 
ing scale deposits that are similar nature the 
residual coatings deposited from the 
the electric current The composition the 
posed mainly compounds with 
iron, magnesium and silica. 

The fifth phase this investigation conducied 
the Puget Sound Naval Shipyard related the 
amount gases given off the cathode the 
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Celis 1,2 ond 3 


100) 
10 20 30 wn 50 60 70 80 
Hours Hours 
Figure 14—Volume hydrogen Figure 15—Volume hydrogen Figure hydrogen 
Series Series Series 


cleaning process and the nature the re- 
action.* these experiments unles otherwise stated, 
the was natural sea water. The current 
was 0.5 ft. The electrodes were con- 
series that the electricity supplied was 
the for each cell each the test series con- 
the cathodes were placed inside inverted 
grad cylinder that all gas given off was col- 
and measured. Insulating lacquer paint was 
cover all bare portions not intended 
used part the cathode. The anodes were 
aluminum and the cathodes were made vari- 
ous and various metals described later 
under test Series and inclusive. The results 

Series the anodes and cathodes were fol- 
lows 


Cell 

No. Anode Cathode 

Aluminum Platinum 

Aluminum Clean steel contact with 


slab scale 
Rusty steel 
Clean steel 


Clean steel 
Aluminum 


w 


should noted from Figure that the hydro- 
gen evolution was the same for cells and from 
which the hydrogen was evolved theoretical 
amounts, and progressively lower for cells and 
Plate shows the assembly cell series The 
rust the cathode cell was dark and red first. 
This color changed black with the rust sloughing 
toward the end the run. The iron content the 
electrolytes this series was determined after the 
electrolysis and was follows: Cell 2—0.1 ppm; 
Cell ppm; Cell 5—0.4 ppm; Blank—0.1 ppm. 

The electrolyte for cell was not analyzed because 
iron anode had been used and considerable iron 
introduced from this source. These data show that 
very little iron dissolved from the 


series the cathodes were follows: 


Cell No. Cathode 

Platinum 

Clean steel 
Clean steel surrounded ferric hydrox- 
ide held mechanically around the cathode 
cloth sack 
Clean copper 


Clean copper and ferric hydroxide for 
Cell 


: rom Puget Sound Naval Shipyard “Electrolytic Descaling.’’ 
222C-3, November, 1949. 


Plate 1*—a) assembled cathode, clean steel plate, piece 
rust, porous wood for mechanical protection, rubber bands. 


3 


The amount hydrogen evolved shown 
Figure 15. The volume hydrogen produced was the 
same for all the cells throughout the electrolysis. 
These data indicate that the ferric hydroxide did not 
react and that the copper cathode behaved man- 
ner similar steel cathode. 


series the cathodes were follows: 


Cell No. Cathode 
Platinum 
Clean steel 
Clean steel surrounded ferrous hy- 
droxide held mechanically around the 
cathode cloth sack. 
steel surrounded powdered 
scale held described for Cell 
Clean copper cathode surrounded 


powdered scale held described for 


Cell 


The amount hydrogen evolved shown Fig- 
ure 16. should noted that the volume hydro- 
gen produced was the same for Cells and Cells 
and evolved somewhat lower amount hydro- 
gen thus indicating that another reaction was occur- 
ring. After the test run was complete the apparatus 
was allowed stand for hours determine 
there was any mechanically held gas cathodes 
and that would come out. None was found. The 
scale used was magnetic but the ferrous hydroxide 
was not. 


* All plates in this article are reproduced from Official U. S. Navy 
Photographs through courtesy of Bureau of Ships. 
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Cells-1 ond 4 


Celis-1,4 ang § 
Cell-7 


Figure 17—Volume hydrogen 
Series 


Plate 2—View cells and controls—Series 


series the cathodes were follows: 


Cell No. Cathode 

Platinum 

Clean steel contact slab scale, 
with the surface the scale normally 
away from the metal away 
cathode. 

Similar Cell except that the slab 
scale was reversed that the surface 
normally contact with the metal was 
away from the cathode. 

Similar Cell except that clean cop- 
per was used instead steel. 

Similar Cells and that Bend- 


alloy (an easily alloy tin, bis- 
muth, cadmium, and lead) was cast onto 
the scale. The surface the scale next 
the Bendalloy was the side normally next 
the metal. 

Similar Cell except that the surface 
the scale normally contact with 
metal was turned away from the cathode 
Cell 

Rusty Steel 


The amount hydrogen evolved from each 
illustrated Figure was noted that scale and 
rust contact with the metal reduced the amount 
hydrogen evolved and the closer the contact between 
the scale rust the metal the less hydrogen pro- 
duced. The differences between Cell and the re- 
maining cells appear due difference close- 
ness contact between the metal and the scale 
rust. Cell this series had Bendalloy cathode, 
but difficulty was experienced which made the re- 
sults unreliable. 
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Figure 18—Volume hydrogen 
Series 


cathode, 


when current 
was interrupted 
oCell~ 

Hours 
Figure 19—Volume hydrogen 
Series 


Plate 3—Cathode and glass collectors Series 


Series repeated Series for this 
Series the cathodes were follows: 


Cell No. Cathode 
Platinum 
Cast Bendalloy cast onto scale with 


surface the scale normally contact 
with the metal turned toward the Bendalloy 
Similar Cell except that the surface 
the scale normally contact with the met: 
was turned away from the Bendalloy. 


Due the electric circuit being interrupted during 
part the run, the time interval versus hydrogen 
volume relationship not the same for Serics 
However, time the same for all the cells. Figure 
illustrates the results obtained. The upper portion 
the graph for Cells and extrapolation 
the lower portion since the upper portion was dis- 
placed due the current interruption. This 
lation based the fact that this graph repre-ents 
the theoretical amount hydrogen that possible 
the conclusion that the reaction which does not pro- 
duce hydrogen more complete when the side the 
scale normally contact with the metal 
the cathode. This difference could due 
ences the degree contact between the two aces 
the slab scale and the cast Bendalloy revi- 
ferences between the two faces the slab 
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Series the anodes and cathodes were 
follows: 


Cell 

No. Anode Cathode 

Aluminum Platinum 

Aluminum Rusty steel 

Aluminum Steel coated with mill scale 
Aluminum Clean steel 

Steel Rusty steel 

Steel Clean steel 


results are illustrated Figure 19. will 
noted that the hydrogen evolved was essentially the 
same volume from Cells and Also steel 
for aluminum the anode made prac- 
tically difference the volume hydrogen 
The results obtained with Cell for which 
the was steel coated with mill scale were 
with results reported the preceding 
which electrolytic cleaning failed re- 
mill scale coating. removal would ex- 
since apparently reaction other than evolu- 
for and Plates and show apparatus 
used Series 


Derusting Theory 


observations numerous electrolytic experi- 
revealed that the first outward indication 
cleaning that the lifting outer layer red 
rust presumably the action the hydrogen. The 
the current density, the faster the removal 
the red rust layer. The loosened red rust ob- 
served fall off flakes which not appear 
have been acted upon chemically. black residual 
layer remains after this red rust has been removed. 
not detached further gasing. Instead the 
cathodic reaction seems have gradual softening 
effect which makes the later removal this black 
coating comparatively easy brushing wiping. 
was also observed that few drops phenolptha- 
indicator turn pink the vicinity the cathode 
showing the presence ions. 

While the purpose this investigation was not 
determine the theory cathodic derusting, con- 
sidered pertinent present several the theories 
that have been advanced and comment briefly 
the purport this data. These theories are: 


the oldest theory advanced explain cathodic 

derusting that the electrolyte penetrates the scale and 

rust and then under the influence the electric current dis- 
sociates the metal rust interface with the liberation 
hydrogen which blasts off the scale. 

Another theory, and one recently advocated 

that the hydrogen formed enters the metal lattice the 

exposed areas. atoms then unite form molecules 
within the slender metal sub-crystalline openings which 
apparently exist throughout every metal. 

These occlusions compressed hydrogen diffuse along the 

crystalline symmetry, the gas pockets breaking 

from one domain another. The movement these gase- 

ous occlusions the surfaces underlying the scale adjacent 
the absorption areas blasts off the rust. 

According another theory, water the rust-metal inter- 
dissociated into (H)* and the elec- 
tric current. The ions are liberated molecular form 
the insterstices the rust layer and the excess 
ions which remain react with the bare steel form 
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ferrous hydroxide. The compound, slightly soluble and 

slimy character gradually lodges the rust interface 

and thus loosens the bond between the metal and the rust, 
allowing the rust drop off vigorously scrubbed off 
the hydrogen gassing. 

believed that the first theory can eliminated 
from consideration the basis that under hydro- 
gen would evolved immediately rusted plate, 
which not the case. Also any rust scale film 
sufficiently gas tight permit hydrogen build 
great enough blast off the tightly adhering rust 
scale would likely sufficiently water tight pre- 
vent the migration the electrolyte through the rust 
the metal interface the first place. The second 
theory not supported these data least three 
respects: 


That hydrogen released from the metal cath- 
ode when the electric current discontinued 
would expected appreciable quantities were 
absorbed into the metal result the electro- 
lytic process 

That tendency toward hydrogen embrittlement 
was found; and 

The rust layer when initially removed does not 

leave bare steel residues the original rust, but 
leaves modified product different color from 
the original which still adhering the steel. 


The third theory not supported these data 
least two respects: 


That immediate gasing did not occur would 
anticipated ferrous hydroxide was being 
and 

the initial rust removal the entire layer rust 
was not removed and residual slimy layer left 
behind would anticipated, but instead 
outer layer rust sluffed off leaving behind 
layer tightly adherent and relatively hard 
product, which gradually softened and became re- 
movable the electrolytic process continued. 


bo 


Based the results hand, the most likely theory 
that the electrolytic action metal-rust interface 
the cathode results reduction the rust 
lower valence oxide hydrated oxide, illustrated 
the following reactions: 


4Fe2O3 2H 2FeO.OH 2FesO4 


Section 


The final phase the electrolytic descaling process 
which ultimately determined its feasibility and prac- 
ticability was the full scale cleaning operations un- 
dertaken Puget Sound, San Francisco and other 
naval shipyards. 


USS Salamonie (AO 26) 


1942, without the advantage the experience 
gained from the extensive investigations that fol- 
lowed, attempt was made descale and electro- 
coat two gasoline-carrying tank compartments the 
USS Salamonie (AO 26) the Norfolk Naval Ship- 
yard. Although general descaling was accomplished, 
ineffective anode design prevented the even deposi- 
tion the calcareous deposits the tank 
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Plate 5—Corner center line tank showing effects uneven current 
distribution. 


USS Cimarron (AO 22) 


During 1947 and 1948, electrolytic descaling was 
given new impetus because the acute shortage 
aviation gasoline carrying tankers. The Navy oiler 
reactivation program caused intensive exploration 
economical methods for cleaning these oilers, most 
which had several tanks gasoline service, with- 
out contaminating aviation gasoline cargos. The USS 
Cimarron (AO 22) was selected the first vessel 
participate full scale experimental installation 
the electrolytic descaling The tests were 
conducted the No. centerline gasoline tank and 
No. port and starboard cargo oil tanks, The conclu- 
sions the test indicated that the descaling method 
could practical and economical. 
showed that current values the range ampere 
per square foot applied from anodes six feet from the 
cathode tank surface would produce general descal- 
ing hours. The experiment pointed out that 
completeness work dependent the design and 
placement the anodes, the current density and 
duration application the current. Chlorine and 
hydrogen generation were minimum since soluble 
steel anodes and reasonable current densities were 
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W2" STEEL RODS 
12° ON CE ATERS 


12° ON CENTERS 


PROVIOE GFT 
BETWEEN ANODE ANC 
TANK SURFACES 

PROVIDE 6° (MIN) CLEARANCE 
TO OBSTRUCTIONS 


Figure 20—Showing the arrangement steel bar anodes 
tanks. 


STEEL RODS 
ON PLANKS: 


PLAN OF TANK 


STEEL ANQDE FOR 
ELECTROLYTIC CLEANING 


Figure 21—Showing the arrangements anode arrangement wing 
tanks. 


used. general, the experiments confirmed the fact 
that under normal conditions, safety precautions with 
respect hydrogen, such venting the tanks, 
smoking, welding, burning the immediate vicin- 
ity the work, were adequate. The report indicated 
that this method could used with light sandblast- 
ing wire brushing prepare tank for painting. 
Also damage the ship structure resulted from 
this procedure. Plate shows location typical 
anodes inside wing tank. Plate illustrates the 
uneven distribution current with its consequent 
spotty descaling the corner the No. cargo tank 
the USS Salamonie. This effect was consequently 
corrected Puget Sound with improved anode 
design. Apparently for proper descaling tank cor- 
ners, anode cathode distances should not the 
recommended 6-foot spacing and anodes should 
extended into corners and recesses where necessary. 


USS Kennebec (AO 36) 


The initial experiments San Francisco the 
USS Cimarron (AO 22) with its 
motivated the Puget Sound Naval Shipyard 
lish project for adopting electrolytic descaling pro- 
cedures production The Bureau 
assisted supplying supporting funds. Imp:oved 
anode design and fabrication, use higher current 
densities and the effect additives the 
were some the phases study undertaken. 
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Plate 4—Typical anode location wing tank. 
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Plate beam after hours electrolysis. Note scale peeling 
from stiffeners. 


The first series full scale experiments were un- 
dertaken the USS Kennebec (AO Five petro- 
leum cargo tanks were descaled using anodes closely 
conforming the tank wall surfaces means 
curtain type anode design. Generator capacity was 
provided supply relatively high current with re- 
sultant high current densities. Several factors bearing 
the completeness and efficiency descaling were 
namely, the effect current reversals, 
the effect acid additions the electrolyte, effec- 
tiveness alkaline chromate wash protecting 
the tank wall surfaces, comparison hot fresh water 
washing and cold sea water washing and means 
rapid flushing and sludge removal. 


After drydocking the vessel, 10-inch valve was 
installed position the apparent low surface 
the tank facilitate emptying and desludging 
operations, The centerline tanks were rigged with 
anode array consisting steel bars spaced 
centers shown Figure 20. The wing 
tanks were fitted with different anode arrangement 
which illustrated Figure 21. The tanks were 
found descaled within period hours and 
hosing down, they were considered satisfactory 
for carrying aviation gasoline. Power was supplied 
through seven 1500 ampere welding generators 
With resultant current density approximately 0.4 
ampere per square foot driving potential 
volts. (See Plate 6). 


Cost Comparison—As compared with sandblasting 
tanks, the initial electrolytic descaling five tanks 
together with the additional time required for experi- 
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Plate 8—Tanks after electrolytic descaling. Dark areas are where 
deposit has been removed during hosing down. 


mental work was less expensive and was accom- 
polished shorter period. Principal savings over 
sandblasting are due the reduction manual labor 
and elimination staging. the basis results 
obtained experimental descaling five tanks 
the USS Kennebec (AO 36), the following conclusions 
were made: 


The process effective descaling cargo tanks 
for use carrying aviation gasoline and readily 
adaptable production work ships drydock 
alongside piers. 

The operation relatively economical and does 
not require the construction staging sand- 
blasting. 

Increase effectiveness was obtained -higher 
current densities and anodes conforming the 
contours the tank walls approximately six 
feet clearance, provide uniformity descaling. 

Conversion motor generators provide sepa- 
rate field excitation eliminates need for individual 
resistance grid units, 


bo 


Plates through inclusive show the effective- 
ness descaling the tanks. 


Results the Experiment 


Final Tank Surface Conditions—Upon descaling 
centerline tank No. bright metal, the tank walls rap- 
idly corroded while draining down, even though alka- 
line chromate wash was used. This condition was due 
the treatment with acid and the current reversal which 
left the metal free oxide. Because this, was de- 
cided omit the use acid and current reversals sub- 
sequent tanks, thus permitting the calcareous deposits 
remain the cathodic tank walls. Rapid corrosion 
after descaling was not apparent the remaining 
tanks and therefore the use the chromate wash 
was discontinued. Current reversals alone were not 
successful removing these calcareous deposits. 


Optimum Current increase current 
density was found effective reducing the 
time and cleaning ability the electrolytic descaling 
process. This was apparent the centerline tank No. 
where the bottom, usually the most difficult section 
treat, was fully descaled when the anode current 
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Plate 10—Vertical keel (same location Plate after hosing down. 


density was Although higher current densi- 
ties are beneficial for removal scale the decisive 
factor can generally attributed effective current 
distribution means careful anode design, loca- 
tion and arrangement. 


Anode was concluded that the area the 
anodes was insufficient relation the tank sur- 
faces (framing included) due the heavy attack 
the anodes the No. port and starboard tanks, 
increase area could achieved using two- 
curtain anode similar tanks. 


Current Distribution—In order preclude possible 
voltage drops the anode rig which would affect 
even current distribution, special jumper leads were 
installed the anodes centerline tanks and 
voltage drop survey made one anode revealed 
negligible voltage variation and therefore the other 
tanks were wired without jumpers. The electrical 
connections were made one edge each anode rig 
which greatly facilitated the wiring hook-up, 


Washing Down results were ob- 
tained washing down operations when salt water 
fire mains with 2-inch fire hose and fire nozzles were 
utilized. High pressure fresh water from Wheeler 
units with special nozzles having jet opening 
also gave good results. Hot water had the advantage 
heating the side walls and drying out the tanks 
rapidly but was not considered necessary. 


Intermittent result partial drain- 
ing tanks during flushing and renewal 
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TABLE 15—Descaling Costs 


Com- Working 
Started pleted Days 

Descaling Time... 7/29 8/7 | 7 

Total Time, (All Work)....... | 7/26 8/10 12 


These costs may be translated into expected costs | 
under present economic conditions. | | 


Labor and Overhead at $40 per Man Day........ 11,256 
Material Times Former Cost................ 1,120 
Power at 2 Times Former Cost................-- 300 | 
* These tanks were descaled in pairs; for larger tanks (such as AO « \1ss) re. 


quiring larger anodes and individual descaling, time and material wou! 


be ap- 
proximately doubled. 


sea water occurred. The effect resulting this 
procedure was not readily determined 
experiment. 


the electrolytic descaling fuel tanks, the 
bility trapping large volumes the gas was 
nated keeping the tanks full water and 
the hydrogen escape the open deck through 
standpipes provided for the anode supports. ydro- 
gen gas diffuses rapidly the air and tests indicated 
that the atmosphere one foot above the manhole was 
non-explosive. precautionary measure, smok- 
ing welding was permitted the near vicinity 
the tank being 


USS Kishwaukee (AOG 


Shortly after the successful descaling operations were 
carried out the USS Kennebec (AO 36), 
tanker, USS Kishwaukee (AOG was selected for de- 
scaling its cargo The descaling method em- 
ployed this ship was similar that the USS Ken- 
nebec, except that current densities were higher and 
duration descaling time was shorter. general 
current densities 0.5 0.7 ampere per square foot 
tank surface will descale completely 
hours respectively. The use prefabricated anode 
design, permitting easy assembly and disassembly 
resulted the savings time and anode 
Plates and show large sheets rust descaled 
off tank surfaces. 

cost estimate for descaling the ten cargo tanks 
the USS Kishwaukee (AOG given Table 15. 


Other Vessels 

Further testing and modification the electrolytic 
descaling process continued with experiments 
USS Namakagon (AOG 53), USS Nantahala 60), 
USS Severn (AO 61) and USS Taluga (AO 
Changes anode spacing and design and the 
sion intermediate wash down and out 
during descaling operations resulted more satis- 
factory descaling process, especially for bottom 
This work resulted the following 


tion 
ing 
als 
heate 
then 

possi 
arate 
comp 
and 
ditior 


then 


Lab 
ing 
curren 
nifican 
NaCl 
Surface. 
alumin 
are 
(white 


Plate 9—Vertical keel after hours’ electrolysis prior hosing down. 
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procedures for modifying the electrolytic descaling 


process 


intermediate drain-down operation 
after minimum hours descaling followed 
further descaling for hours. 

Thorough degreasing prior electrolytic descaling 
important. 

Increase anode rod spacing from inches 
inches and diameter from In- 
sulate bottom grids from remainder anode and 
feed motor-generators give 2400 amps. 

cathode anode distance from feet 

feet, except bottom anode which feet. 

hand operated winches for raising and 
lowering anode grids. Increase size stand- 
pipes inch pipe size reduce splashing 
onto the deck during the escape gases 

through standpipes. 


tn 


The sum total the work the Puget Sound 
Shipyard culminated final report the 
detailed procedure followed for electrolytically 
cargo 


Practical Details Electrolytic Descaling 


order obtain consistant results, necessary 
cargo tanks and remove oil and sludge prior 
descaling operations, vapor injec- 
tion method was developed for the purpose render- 
ing the tanks safe for the entry personnel which 
isalso suitable for removing troublesome oil residues. 
this method, fuel oil deposit the tank walls 
heated steam reduce its viscosity. Diesel oil 
then injected with steam remove much oil 
through solvent action after which the sep- 
arate components soap are added. The fatty acid 
component soluble the fuel oil-diesel oil layer 
and when saponification takes place through the ad- 
dition alkali, the oil and steam condensate 


brief the vapor injection consists the follow- 
ing sequence operations: 


Ventilating when necessary. 
Defueling. 

Stripping. 

Steaming. 

Injection cleaner. 

Ventilating. 

Washing. 


Following the removal oil and sludge, the ship 
then readied for electrolytic descaling. 


Section 4—Summary and Conclusions 


Laboratory studies indicated that time for derust- 
Ing varies with the salinity the electrolyte and the 
current density the cathode. largely inde- 
pendent temperatures within 100 sig- 
differences derusting times could ob- 
served between water and percent 
NaCl solution, Cathodic cleaning readily removed 
adherent paint from sandblasted steel 
surface but was generally ineffective removing 
tust between faying surfaces and also deteriorated 
cathodes. Residual deposits left steel 
mainly composed magnesium hydroxide 
(white) when sea electrolyte used, black 
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Plate 11—Tank after electrolytic descaling and draining down, showing 
upper corner anode and loose sheets rust bulkhead. 


Plate 12—Tank immediately after descaling and draining down, 
showing upper grid anode and sheets rust which have fallen 
anode from overhead. 


results from NaCl electrolyte. Prevention white 
deposits tank surfaces during electrolysis its 
rapid removal after electrolysis can accomplished 
the electrolyte. White deposits cannot exist acid 
solutions lower. Hydrogen embrittlement 
does not occur mild steel plate subjected elec- 
trolytic descaling sea water. Several commercial 
addition agents added the electrolyte were ineffec- 
tive reducing the time for derusting. Soluble metal 
anodes other than steel can used, but higher driv- 
ing voltages are required maintain the normally 
electronegative metals electropositive during elec- 
trolysis. Non-ferrous anodes not prevent forma- 
tion residual deposits when electrolysis extended 
beyond time required for rust removal. Insoluble 
anodes such platinum act the same manner 
non-ferrous metals regard formation residual 
deposits and addition may extend time derust- 
ing because economic limitations anode area, 
well generation chlorine gas the anode. 
Electrolytic descaling ineffective removing scale 
the type found brass evaporator Further, 
hydrogen liberated the cathode enters into the 
chemical reduction ferric oxide and 
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Plate 10—Vertical keel (same location Plate after hosing down. 


density was doubled. Although higher current densi- 
ties are beneficial for removal scale the decisive 
factor can generally attributed effective current 
distribution means careful anode design, loca- 
tion and arrangement. 


Anode was concluded that the area the 
anodes was insufficient relation the tank sur- 
faces (framing included) due the heavy attack 
the anodes the No. port and starboard tanks, 
increase area could achieved using two- 
curtain anode similar tanks. 


Current Distribution—In order preclude possible 
voltage drops the anode rig which would affect 
even current distribution, special jumper leads were 
installed the anodes centerline tanks and 
voltage drop survey made one anode revealed 
negligible voltage variation and therefore the other 
tanks were wired without jumpers. The electrical 
connections were made one edge each anode rig 
which greatly facilitated the wiring hook-up. 


Washing Down Operations—Best results were ob- 
tained washing down operations when salt water 
fire mains with 2-inch fire hose and fire nozzles were 
utilized. High pressure fresh water from Wheeler 
units with special nozzles having 34-inch jet opening 
also gave good results. Hot water had the advantage 
heating the side walls and drying out the tanks 
rapidly but was not considered necessary. 


Intermittent Flushing—As result partial drain- 
ing tanks during flushing and renewal 
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TABLE 15—Descaling Costs 


Com- Working 
Started pleted Days 
Time... 7/29 8/7 7 
Total Time, (Al! Work)....... 7/26 8/10 12 
Labor Cost* $12.50 per $3,517.50 
These costs may be translated into expected costs Me 
under present economic conditions. 
Labor and Overhead at $40 per Man Day........ 11,256 
Material at 2 Times Former Cost................ 1,120 
Power at 2 Times Former Cost..............65-- 300 


_ .** These tanks were descaled in pairs; for larger tanks (such as AO « \ass) re. 
quiring larger anodes and individual descaling, time and material woul: be ap- 
proximately doubled. 


sea water occurred. The effect resulting this 
procedure was not readily determined 
experiment. 


the electrolytic descaling fuel tanks, the 
bility trapping large volumes the gas was climi- 
nated keeping the tanks full water and wing 
the hydrogen escape the open deck through 
standpipes provided for the anode supports. 
gen gas diffuses rapidly the air and tests indicated 
that the atmosphere one foot above the manhole was 
non-explosive. precautionary measure, smok- 
ing welding was permitted the near vicinity 
the tank being 


USS Kishwaukee (AOG 


Shortly after the successful descaling operations were 
carried out the USS Kennebec (AO 36), another 
tanker, USS Kishwaukee (AOG was selected for de- 
scaling its cargo The descaling method em- 
ployed this ship was similar that the USS Ken- 
nebec, except that current densities were higher and 
duration descaling time was shorter. 
current densities 0.5 0.7 ampere per square foot 
tank surface will descale completely 
hours respectively. The use prefabricated anode 
design, permitting easy assembly and disassembly 
resulted the savings time and anode materials. 
Plates and show large sheets rust descaled 
off tank surfaces. 

cost estimate for descaling the ten cargo tanks 
the USS Kishwaukee (AOG given 15. 


Other Vessels 

Further testing and modification the 
descaling process continued with experiments the 
USS Namakagon (AOG 53), USS Nantahala 60), 
USS Severn (AO 61) and USS Taluga (AO 
Changes anode spacing and design and the 
sion intermediate wash down and out 
during descaling operations resulted more satis- 
factory descaling process, especially for bottom 
This work resulted the following 
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procedures for modifying the electrolytic descaling 
process: 


intermediate drain-down operation 
after minimum hours descaling followed 
further descaling for hours. 

Thorough degreasing prior electrolytic descaling 

important. 

Increase anode rod spacing from inches 
inches and diameter from %g-inch. In- 
sulate bottom grids from remainder anode and 
feed motor-generators give 2400 amps. 

Increase cathode anode distance from feet 

feet, except bottom anode which feet. 

hand operated winches for raising and 
lowering anode grids. Increase size stand- 
pipes inch pipe size reduce splashing 
water onto the deck during the escape gases 
through standpipes. 


DO 
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The sum total the work the Puget Sound 
Naval Shipyard culminated final report the 
detailed procedure followed for electrolytically 
cargo 


Practical Details Electrolytic Descaling 


order obtain consistant results, necessary 
cargo tanks and remove oil and sludge prior 
performing descaling operations, vapor injec- 
tion method was developed for the purpose render- 
ing the tanks safe for the entry personnel which 
isalso suitable for removing troublesome oil residues. 
this method, fuel oil deposit the tank walls 
steam reduce its viscosity. Diesel oil 
then injected with steam remove much oil 
through solvent action after which the sep- 
arate components soap are added. The fatty acid 
component soluble the fuel oil-diesel oil layer 
and when saponification takes place through the ad- 
dition alkali, the oil and steam condensate 
emulsified. 


brief the vapor injection consists the follow- 
ing sequence operations: 


Ventilating when necessary. 
Defueling. 

Stripping. 

Steaming. 

Injection cleaner. 

Ventilating. 

Washing. 


Following the removal oil and sludge, the ship 
then readied for electrolytic descaling. 


Section 4—Summary and Conclusions 


Laboratory studies indicated that time for derust- 
ing varies with the electrolyte and the 
current density the cathode. largely inde- 
pendent temperatures within 100 sig- 
nificant differences derusting times could ob- 
served between synthetic sea water and percent 
NaCl solution, Cathodic cleaning readily removed 
oleoresinous adherent paint from sandblasted steel 
surface but was generally ineffective removing 
tust between faying surfaces and also deteriorated 
aluminum cathodes. Residual deposits left steel 
mainly composed magnesium hydroxide 
(white) when sea water electrolyte used, black 
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Plate 11—Tank after electrolytic descaling and draining down, showing 
upper corner anode and loose sheets rust bulkhead. 
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Plate 12—Tank immediately after descaling and draining down, 
showing upper grid anode and sheets rust which have fallen 
anode from overhead. 


results from NaCl electrolyte. Prevention white 
deposits tank surfaces during electrolysis its 
rapid removal after electrolysis can accomplished 
the addition 0.86 percent weight 
the electrolyte. White deposits cannot exist acid 
solutions lower. Hydrogen embrittlement 
does not occur mild steel plate subjected elec- 
trolytic descaling sea water. Several commercial 
addition agents added the electrolyte were ineffec- 
tive reducing the time for derusting. Soluble metal 
anodes other than steel can used, but higher driv- 
ing voltages are required maintain the normally 
electronegative metals electropositive during elec- 
trolysis. Non-ferrous anodes not prevent forma- 
tion residual deposits when electrolysis extended 
beyond time required for rust removal. Insoluble 
anodes such platinum act the same manner 
non-ferrous metals regard formation residual 
deposits and addition may extend time derust- 
ing because economic limitations anode area, 
well generation chlorine gas the anode. 
Electrolytic descaling ineffective removing scale 
the type found brass evaporator Further, 
hydrogen liberated the cathode enters into the 
chemical reduction ferric oxide and 
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liberated stoichiometric quantities after chemical 
reduction complete. 

Electrolytic descaling rapid and possibly less 
expensive method than manual and mechanical meth- 
ods for removal heavy scale large tanks. has 
the additional advantage that metal removed 
from the tank surfaces and the descaled metal left 
passive condition less subject rapid rust for- 
mation. The process applicable large floodable 
voids, large structures which can immersed sea 
water and small parts which can immersed 
tanks containing the electrolyte. has particular ap- 
plication removing rust from cargo tanks, being 
cleaned for converting light fuels such aviation 
gasoline where contamination must avoided, Re- 
moval oil and sludge prerequisite prior de- 
scaling operations. Essentially demountable grid 
anodes arranged curtains roughly conforming 
the geometry the tank are energized low volt- 
age high current sources such welding gen- 
erators. The tank acts the negative ground for the 
electrical circuit. The sea water electrolyte which fills 
the tank completes the circuit. The electrolysis reac- 
tions which take place during descaling electrochem- 
ically reduces the iron oxides the metal interface 
and causes the scale slough sheets. When oper- 
ating current densities amp. per square 
hours. Draining and flushing the tanks completes 
the operation. 


The electrolytic descaling process exploited 
the marine industry. 

2.An anode system designed for 
which would electrolytically descale and remove 
old paint from hull time overhaul. (The ship 
could ballasted that paint removal way 
the boot top could accomplished.) 

review surface standard requirements for pre- 
cision machinery and small objects made de- 
termine the feasibility reclaiming corroded 
equipment. 

method standardized for the non-destructive 
cleaning rusted panels for laboratory and field 
corrosion studies. 

Research and development forward along the 
following lines order provide wider versatility 
and application many naval and industrial fields. 


cn 


Determine best methods forming and stabiliz- 
ing uniform adherent electrocoatings deposited 
from sea water tanks and other structures 
for the purposes achieving greater corrosion 
resistance service. (The British have experi- 
mented with chromate and silicate solutions for 
hardening purposes but have met with little suc- 
cess.) 

Develop techniques for painting over coatings 

controlled character. 

Investigate addition additives the electro- 

lyte which may produce descaled bare steel 
surface suitable for painting. 
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Investigate development movable light-weight 
staging, mechanically operated rails for coat- 
ing application tanks, which would materially 
reduce labor costs applying suitable coating 
after the electrolytic process. 
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Current Requirements for 
Cathodic Protection Pipe Lines* 


MARSHALL PARKER 


ACTUAL PROBLEM which confronts the 

corrosion engineer not much the determina- 
tion the minimum total current which will effec- 
tively protect given section pipeline from 
corrosion, the design system through 
which certain values current are drained from 
certain selected points the line the end that 
the line placed under adequate cathodic protection 
(some portions thereof being necessarily over-pro- 
tected) minimum total annual cost, taking into 
consideration installation, operation, maintenance 
and certain intangibles. 

Among the intangibles considered when de- 
signing cathodic protection system are: reliability, 
freedom from possibilities accidental damage 
minimum interference with other structures, includ- 
ing possible future construction and ease mainte- 
nance and inspection, which may have great deal 
bearing the thoroughness inspection actually 
attained. These intangible considerations are not sub- 
ject precise mathematical treatment, but their 
importance cannot over-emphasized they are 
often the controlling factors. 

There are three basic methods determining com- 
binations current drainage which will effectively 
protect given section pipeline: 

placing the line under full protection, using tem- 
porary installations; 

placing the line under partial protection, again 
using temporary installations, and obtaining the 
requirements for complete protection extrap- 
olation; and 

measuring the electrical characteristics the 
line and calculating its behavior under various 
proposed systems electrical drainage. 

There is, course, fourth method arriving 
the current requirements—an estimate based 
information available the coating, the soil 
which the line lies and other pertinent factors. Al- 
though this method may sound trivial, actually 
considerable importance, for two reasons: There 
are situations which adequate for making the 
decision proceed with installation and, whenever 
either the other methods used, there must 
some idea how much current use for the initial 
test. 


Integration and Isolation Factors 


Another two factors considered before valid 
test can run are integration and Obviously, 
pipeline unless bonded into single electrical unit. 
Welded steel lines offer problems this 


* A paper presented at a meeting of South Central Region, National 
Association of Corrosion Engineers, Dallas, Texas, October 12-15, 
1954, 
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cathodically protect buried pipe line find the 
best and most economical way drain from 
selected points the line sufficient current give 
adequate protection. Three basic methods this end 
are placing the line under full protection, placing the 
line under partial protection and calculating the re- 
quirements for complete protection, both using tem- 
porary installations; and measuring the electrical 
characteristics the line and calculating its behavior 
under various proposed systems. 

The fourth method—an empirical estimate—is 
more important than its nature would indicate be- 
cause certain assumptions based observation and 
experience usually are helpful arriving final 
conclusion. 

Principal problems also faced the engineer are 
those securing electrical continuity where joints 
other than welded are used and insulating the line 
from other buried structures. 

The author recommends procedure involving 
steps such as: Determining static potentials, draining 
interrupted current from selected points and from 
data thus collected determining the relationship be- 
tween polarization and driving voltage and attenua- 
tion driving voltage; computing desired effect 


combinations drainage currents. 


Also discussed are such questions technique for 
making potential readings, various means plotting 


data for best use, what constitutes “adequate” 


c- 


tion, where the electrode should placed making 


potential readings and other matters. 


screw-coupled lines usually are electrically continuous, 
although the joints may involve some resistance, but, 


small-diameter pipe, some types thread con 
even may capable completely insulating. 
mechanical couplings, 


articularly the sleeve type, 


pound 
with 
that 


most continuity difficulties arise. Unless specifically de- 
signed for the purpose, such joints cannot 


upon conductive, nor can they depended 
insulate. There even have been cases where will 
open and close (electrically) like switch, the 
least failing perform its designed function. any 
meaningful current requirement test can run, such 
joints must located and bonded. they 
after the test begun (as often happens), then 


gram must interrupted until integration 
accomplished. 
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The electrical isolation the structure tested 
must also established before valid test can run. 
Particularly troublesome are such massive structures 
tank farms, gasoline repressuring plants and refiner- 
ies, all which there very large area bare 
metal contact with the soil. the line question 
coated, the current demands the foreign structure 
easily may hundred times great that the 
line, determining requirements the line without 
first insulating futile. 

word caution—it unwise attempt specify 
location insulated joints from inspection draw- 
ings alone. too often there are metallic elements 
not shown the drawings all, but quite capable 
short-circuiting insulated joint. Gage lines, operat- 
ing lines, braces, supports, conduit and similar accessory 
devices frequently are offenders this respect. 


Use Trial and Error Method 


Once the two conditions integration and isola- 
tion have been achieved—and this may well the 
part the project—the actual test can 
initiated. The simplest method, principle, put 
the line under cathodic protection, using temporary 
sources power and temporary ground beds. 
Obviously this method will require great deal 
trial and error and will prolonged almost hope- 
lessly unless first guesses are reasonably accurate. 
can done, however and has the advantage 
requiring virtually calculations. 

temporary ground bed ordinarily differs from 
permanent one that has higher resistance and 
much shorter projected life—often measured 
only hours, temporary source power differs 
from permanent one that usually piece 
portable equipment, more flexible and adjustable 
and ordinarily has have higher terminal voltage 
deliver enough current through the higher resist- 
ance the temporary anode. Power costs, per 
ampere-hour thus are much higher than for the per- 
manent system ultimately installed. Insofar 
the pipeline itself concerned, however, there 
difference all. Once line has been brought 
acceptable protective potential throughout set 
temporary installations, then can depended 
upon that permanent system, draining the same 
amounts current from the same points the line, 
Actually, the permanent system usually will 
even better job, because the effect polarization 
the line assists the maintenance protection. 

Although attractively simple, this method rarely 
used practice, because far too expensive. 
least two installations are needed (except for short 
lines) and, unless the first estimate was quite accu- 
rate, the equipment may have moved several 
times before workable system found—and even 


then, there little assurance that approximates the 
best system. 


Alternate Trial and Error 


obvious modification the method just described 
consists placing the line under partial temporary pro- 
and arriving the final design extrapolation. 
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certain precautions are observed and careful measure- 
ments are made, accurate results may obtained 
using test currents small one-fifth, even one- 
tenth, the magnitude the actual currents needed for 
protection. Extrapolation current values, using the 
same drainage points used the test, fairly simple; 
projection the system from set test currents and 
drain points different set drain points not quite 
simple. The latter can done, however, method 
described. 


Measuring Electrical Characteristics 


The third method mentioned involves measuring the 
electrical characteristics the line and then determining 
calculation the results which can obtained 
various combinations drainage currents various 
points. This approach has the advantages that all 
the trial and error process takes place paper and that 
enough combinations can computed insure that the 
one adopted not only workable, but also the best 
possible. The major disadvantage that further 
removed from reality; the margin error much 
greater and the uncertainty larger. Furthermore, there 
are any possible interference problems involving other 
structures, these must made the object separate 
field investigations. 

The mathematical theory covering the distribution 
current and potential along pipeline under cathodic 
protection based, are all mathematical theories, 
certain assumptions uniformity; the greater the dis- 
crepancies between assumed uniformity and actual con- 
dition the line, the greater will the discrepancy 
between calculated and actual values. When the coating 
line excellent, agreement between theory and fact 
quite good and this method may used with confi- 
dence, but with poor mediocre coating, less 
reliable and virtually useless with bare pipe with 
very poor coating. 


Method Suggested 


The following method suggested having the 
advantages near-minimum field work and only 
reasonable amount extrapolation. may described 
being combination methods and 3); that is, 
involves only partial protection the line and does 
make use the mathematical theory distribution, but 
without the employment complex mathematical for- 
mulae. The technique involves five steps, follows: 


Determine static potentials along the line. 

Drain interrupted current from selected point 
the line, reading “on” and potentials 
test points. 

Repeat step other points, the line long. 

From the field data thus determined, determine 
two functions; the relationship between polariza- 
tion and driving voltage, and the distribution 
attenuation driving voltage. Both these func- 
tions are determined graphically. 

Using the functions just determined, compute the 
effect any desired number combinations 
drainage currents until optimum system 


Static potentials are merely values the pipe- 
to-soil potential before application cathodic pro- 
tection current, temporary permanent. These are 
needed simply datum reference, order 
facilitate interpretation later readings. Spacing 
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Figure 1—Longitudinal Distribution Curves. Distribution pipe-to-soil 
potential along the line; the very obvious difference between the two 
ends the line illustrated are attributable short-circuited casing 


the right hand section. The horizontal unit 1000 feet. 


MILLIVOLTS 


Figure 2—Attenuation Driving voltage (AE) and Polarization 

Potential (AVp) plotted semi-log paper against distance along the 

line. For infinitely long line, such curves should straight lines; 

for finite line ending insulated joint, concave upward, the 

left-hand section; and for “grounded” section, concave downward, 

the right-hand section. The test point numbers the first 
three figures correspond. 


AVp-MILLIVOLTS 


SE -MILLIVOLTS 


Figure 3—Polarization chart. From this plot, the functional relationship 

between driving voltage and polarization potential may obtained. 

Test point anomalous. The explanation found the short- 

circuited casing this location, which minimized polarization. The 

anomaly point due proximity the anode; the apparent 
value the driving voltage too high. 


which readings should taken must depend 
some extent upon the anticipated behavior the 
line. well-coated line, wide spacing—five ten 
miles extreme cases—may adequate, while 
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poorly coated line, the spacing may little 
500 feet. Often existing test leads road crossings 
will supply sufficient number values. 

The point selected for the initial test should 
one which will possible make permanent 
installation that is, should have low resistivity soil 
and available power and should land which 
believed that easement for anode bed could 
obtained. The initial value test current used 
should the least which believed might possibly 
suitable. Here the estimating ability the engineer 
comes into play and the better his first guess is, the less 
readjustment test equipment will required. 
important that the first value used less, rather than 
greater, than the final adopted value, avoid excessive 
polarization and its confusing complications. soon 
the test fairly under way, reading two should 
taken close the drain point. the value used 
inadequate, then can increased with little loss 
time. 


When decided that the test value adequate, 
probably so, full set readings should taken 
all the test points which statics were read—or 
least far down the line the effect can detected 
all. each point, the potential should read twice— 
once with the test current and once with 
The interrupter cycle should about one minute, and 
preferably the period should longer than the 
seconds and fifteen off satis- 
readings, that the copper sulfate electrode should 
placed exactly the same position which was used 
reading the statics. The importance this precaution 
smaller the better the coating the line; with ex- 
tremely good coating, relatively unimportant. 

soon these readings have been obtained, they 
should plotted, along with the static potentials, 
graph such that shown Figure The horizontal 
scale represents distance along the line and the vertical, 
pipe-to-soil potential. Such graph should plotted 
the field, the data are accumulated, for often some 
thing will disclosed which should alter the procedure. 
should noted that the vertical scale for this set 
curves linear; the logarithmic scale which conforms 
the exponential nature potential attenuation ap- 
plicable only differences changes potential. 

Very often—particularly with 
readings obtained the ends the section will 
sufficiently large significant, which case 
further test needed the section. If, however, the 
readings become too small meaningful, then may 
advisable conduct similar test from 
drainage point. This the step mentioned above. 

From the data thus obtained, two functions can 
determined; these are illustrated Figures and 
respectively. That Figure shows the 
attenuation the Driving Voltage (and the Polarization 
Potential) with distance along the line. the case 
illustrated, there very obvious difference 
the right- and left-hand ends the line. Volt- 
age defined the difference between the and 
“off” readings each particular point; the 
taneous effect the test current, divested 
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fluence the static potential. Polarization Potential 
the difference between the and the 
reflects the change potential the line brought about 
the application cathodic protection current for 
(somewhat period time. 


Figure shows the theoretical attenuation current 
and pipe-to-soil potential (more accurately, Driv- 
ing Voltage) along infinite line. will seen that 
both curves are straight lines semi-logarithmic paper. 
Figure the curves showing the attenuation along 
finite line terminating insulated joint are shown. 
The current goes zero the end approached, while 
the Driving Voltage becomes horizontal. The curve 
the left-hand side Figure reflects this set con- 
ditions. the line terminated “zero resistance” 
connection massive bare structure, the 
distribution can had simply interchanging the two 
curves Figure This the situation portrayed 
the end Figure 

has been pointed out, the mathematical. expres- 
sions which describe attenuation are based upon certain 
uniformity; actual lines are seldom uni- 
form, therefore perfect agreement between theory and 
facts not expected. However, those who aban- 
don the question this point deprive themselves some 
very useful analytical tools, not inquiring the 
magnitude the discrepancies expected. Actually, 
they are often quite small, particularly when coated lines 
are considered. This true because the principal vari- 
able leakage conductance. bare line, this deter- 
mined almost entirely soil resistivity, which likely 
extremely variable quantity. the quality 
the coating improves, the influence differences the 
soil becomes smaller and smaller, that well- 
coated line not all unusual find virtually perfect 
agreement with theory. considered that the agree- 
ment shown Figure actual line and Figure 
theoretical curve, very good; certainly the inter- 
pretation the different shapes the two ends 
Figure helped considerably the analysis. 


Functional Relationship Explained 


illustrates functional relationship between 
the Driving Voltage and the Polarization Potential. This 
plotted logarithmic paper e., both scales are 
and are the same unit—millivolts. 
Many curves, wide variety structures, demon- 
strate quite clearly that there definite function 
involved, but will left the theoretical electro- 
chemists explain. When test conducted, not 
pipeline, but some such structure refinery 
plant with many buried lines different materials, ages 
and coatings, the function not clear. Instead 
fairly definite line, there scatter diagram involving 
broad ind, with many anomalous points. pipeline, 
however, normal experience get definite line, 
although there are usually some anomalous points. Al- 
most without exception these can explained; there 
something abnormal about conditions the discrepant 
points 


the example shown, point No. upon investiga- 
tion, turned out short-circuited bare casing 


CURRENT REQUIREMENTS FOR CATHODIC PROTECTION 


100 

= 50 


Figure 4—Attenuation curves for infinite line. The rate decline 
Driving Voltage (AE) and Line Current (Al) with distance from the 
drain point. The horizontal scale represents distance along the line; 
each division might represent little 500 feet (large bare line 
low resistivity soil) much 25,000 feet (very good coating). 


0.5 


500 


Millivolts 


AI - Amperes 


Figure 5—Attenuation curves for finite line. When line terminated 
insulated joint, the curves take the form shown here. The Driving 
Voltage horizontal the end, while the line current goes 
zero. may observed that, with proper choice vertical scale, 
either these curves may expressed the derivative the other. 
and interchanged, the above curves apply line 
terminated “zero” resistance ground. 


point No. (which could have been expected ab- 
normal) was the drain point itself and its reading was 
distorted the proximity the anode. Perhaps the 
most surprising feature this kind curve that 
seems little influenced the variation the total 
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Figure 6—Attenuation curves between two drain points. The portion 

the above diagram lying either side the point where the two 

straight lines cross, the Driving Voltage minimum and the line 

current zero mathematically identical with the curves shown 

Figure other words, insulated joint could inserted the 

line the point zero line current without affecting the behavior 
any point. 


time during which the polarization has taken place; 
the example shown, this varied from about one hour 
nearly seven hours. 


With these two functions hand—and certain other 
data—it possible proceed the design cathodic 
protection system. This can done assuming set 
drainage points and computing the actual pipe-to-soil 
potential which can obtained throughout the line from 
the proposed set. Various combinations currents and 
locations can tested—all paper—until one found 
which effectively protects the line reasonably mini- 
mum cost. The other data needed, course, are those 
which pertain sites which power available and 
which the soil resistivity suitable for anode 
installation. 

The procedure, step step, follows: 


5a. Select—by estimation—a set drainage points 
and proposed current values guided, course, 
power and site availability and experience. 

5b. Draw, semi-log paper, the anticipated at- 
tenuation distribution curves for each the drain- 
age points separately, extending them far any 
appreciable response may expected. This plot 
Driving Voltage alone. The value the drain 
point can expected proportional the drain- 
age current. The slope point will the same 
that the test curves. The shape will deter- 
mined the location the ends the line. Al- 
though this can done mathematically, usually 
possible purely graphical methods. 

5c. Draw, this time ordinary linear-scale paper, 
these same curves. Then compile for the entire length 
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the line section under study, composite Driving 
Voltage curve, adding the values from each the 
separate curves from the various drainage points, 
This will give plot along the line the Driving 
Voltage which will obtained with all the pro- 
posed units operation. 

5d. Determine for each point the line, the Polar- 
ization potential corresponding the composite 
Driving Voltage that point and add this value 
the Driving Voltage. This value determined from 
the Functional curve which corresponds Figure 

5e. Now add this value the Static Potential de- 
termined the original survey. The sum all these 
potentials the pipe-to-soil potential which may 
expected each point under the proposed system 
drain points and currents. examination the 
resultant curve, can seen whether not the 
proposed system adequate. 

5f. Repeat the above steps often necessary, 
until system devised which adequate protect 
the line, and whose cost lowest (including not only 
first cost but also power consumption and 
nance figures.) 


Agreement Criteria Needed 


Throughout preceding discussion, there has been 
tacit assumption that the terms “adequate protec- 
tion” and “pipe-to-soil potential” are understood. 
order define these terms, agreement must 
reached two questions: What kind electrode 
use, and, Where put it? Then there must 
agreement what kind reading shall con- 
sidered correspond with adequate protection. 

There little need for difference opinion about 
the electrode. The copper/copper sulfate electrode 
widely accepted standard all types soil cor- 
rosion and cathodic protection, and any event, 
results obtained with any one number other 
reference electrodes can translated into equivalent 
readings with this particular standard. 

Controversy arises concerning placement the 
electrode. This most unfortunate, 
major part this controversy due misunder- 
standing. the derivation the highly theoretical 
attenuation equations, number simplifying as- 
sumptions had made. Among these was the 
assumption the existence “infinite bus” 
conductor without resistance, lying parallel the 
line and separated from rather peculiar re- 
sistance medium—one which had definite, measur- 
able resistance one direction, perpendicular the 
line and infinite resistance all other directions. 
All the potentials involved this attenu ation 
theory were based potentials with respect “re- 
mote” earth—that is, with respect this 

cal fiction, the infinite bus with zero resistance. 
this may deduced that, order field 
data which may expected consistent with 
the attenuation theory, “remote” electrode hould 
used. The question then is, how remote? 


Where Place Anode? 


Before attempting answer this, well 
sider electrode placement when the problem not 
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agreement with attenuation theory, but the attain- 
ment cathodic protection. seems obvious that, 
since the phenomenon involved galvanic cell corro- 
sion (excepting stray current damage), that 
associated with currents and potentials flowing 
geometrically small circuits immediate proximity 
the pipe/soil interface and that only electrode 
this vicinity could possibly give true picture. There 
always exists the possibility small local cell ac- 
tive and only application enough cathodic protec- 
tion current overcome the potential such cell 
adequate achieve full 


This presents dilemma: achieve accord with 
the useful mathematical theory current and poten- 
tial distribution, remote electrode must used. 
determine whether not cathodic protection ob- 
near electrode must used. But the design 
process just described makes use theory and also 
profoundly concerned with achievement protection. 


This dilemma is, fortunately, not absolute nor 
yet inescapable sounds. When coated lines 
are concerned, such large percentage the total 
resisiance “remote earth” lies within the coating 
that electrode placement not very critical. 
And for bare lines, those with very poor coating, 
theoretical distributions seldom hold any event. 
that valid and reliable results, the electrode always 
shoul! placed close the line. 

Upon examining the third area needed agree- 
ment cited further reinforcement this decision 
found. unfortunate fact that, date, ac- 
ceptable criterion cathodic protection based soundly 
electrochemical theory exists. Both the com- 
monly accepted criteria are empirical origin. These 
are, respectively, potential —0.85 volt more, 
with respect copper/copper sulfate electrode; 
and shift potential 0.3 volt more from the 
value, again with respect copper/copper 


electrode. Both these criteria have been 


used and both have been proved the field being 
adequate eliminate tremendously reduce leaks 
due corrosion. Both are based the use near 
electrode. 

The term “near electrode,” used here, means one 
placed directly over the pipe. Actually, would 
better from theoretical point view place 
even closer—immediately adjacent the pipe/soil 
interface. This more laborious, however and 
also open the objection that the reading thus ob- 
tained too highly localized. Besides, the experience 
upon which the empirical criterion —0.85 volt 
based experience with electrode placed over the 
pipe. order make proper use criteria developed 
either the laboratory the application elec- 
trochemical theory, the soundest approach would 
that which, means null circuits and two more 
electrode positions, arrives value corresponding 
that the corroding protected surface, but does 
means measurements taken the surface 
the earth. Such techniques are atractive theory, 
but have met with little application 
largely because the complexity instrumentation 
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involved and the time consumed. They are still useful 
for the careful investigation critical cases. 


Increase 0.3 Volt Considered 


The other criterion mentioned, that increase 
the negative potential the line 0.3 volt, also 
based upon experience, although not quite much. 
Its chief usefulness seems the protection 
old steel lines, whose static potential likely 
very low—sometimes volt. raise such 
structures all the way —.85 may require very sub- 
stantial amounts current and often felt that 
this much change not required for full protection. 
This difficult question answer, because both 
criteria are empirical and both are based widely 
scattered and variously reported cases. 

summary, the case for the use volt 
near electrode criterion based upon the 
following: 


Many hundreds miles line, proved vulnerable 
corrosive attack the occurrence actual leaks, 
have been protected this level. most cases, 
there has been total cessation leaks. few 
cases, there has been worst very substantial re- 
duction, but case has this degree protection 
been ineffective. 


several cases, lines have been brought 
volt, referred remote electrode with little 
reduction the rate occurrence leaks. 

should noted that there proof and little 
evidence, the effect that lines cannot protected 
potential less negative than —0.85. There is, 
however, considerable body evidence that this 
value adequate. 

carrying out the system described above for de- 
termining optimum design for cathodic protec- 
tion system, all the pipe-to-soil measurements must 
made consistently; that is, decision what 
electrode and what electrode placement used 
must made before any the steps can carried 
out. The decision what criterion protection 
employ need not made until the analysis 
begun. The choices named above are based 
analytical application what basically empirical 
data. more solidly based choice must await either 
further careful experimental work sound theory 
cathodic protection. 


Reference 


All figures this article are from “Pipe Line Corrosion 
and Cathodic Protection.” Marshall 1954. Gulf 
Publishing Co., Houston, Texas. 


DISCUSSION 


Remarks Lyle Sheppard, Houston: 

With time cathodic protection buried pipe lines 
tends polarize the metallic surface with hydrogen 
and make the immediate environment more alka- 
line. Both these effects would tend increase the 
soil-to-pipe electrical resistance. this effect consid- 
ered designing cathodic protection systems? 
Reply Marshall Parker: 

The effect mentioned always the mind the 
engineer who designing cathodic protection sys- 
tem, but the specific provision made for any— 
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varies according the circumstances. Providing for 
this diminution current demand would require the 
design system whose capacity was less than that 
anticipated but with available excess capacity 
provide early protection. When galvanic anodes are 
used, this can done permitting unrestricted 
operation for initial period and then limiting cur- 
rent output means series resistors. This com- 
monly done. 

With rectifiers, the only way get the initial ex- 
cess capacity provide more than will ultimately 
needed. This, too, fairly common practice, al- 
though the excess capacity most often thought 
the nature safety factor. 

Another effect exists which cannot ignored. 


Vol. 


usually may anticipated that pipe coating will de- 
teriorate with time, that the current demands 
the line will increase. This opposite the effect 
mentioned and the actual net resultant may 
either also true that the design 
cathodic protection systems for pipelines not 
exact science (largely due the fact that simply 
does not pay gather all the data which perti- 
nent) and considerable degree over-design 
standard (otherwise, cathodic protection rectifiers 
would not built with many taps.) 

summary, may said that corrosion engi- 
neers are aware the effect decreasing current 
demand, but that there are many other variables 
present that seldom any specific account taken 
allow for it. 
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Cell Currents and 


ROBERT POPE 


LECTRICAL engineers, particularly communi- 

cation engineers like reduce complicated 
long electrical circuits relatively simple equivalent 
circuits consisting resistances, inductances and 
capacitances parallel and series arrangements 
that the equivalent circuit has the same characteris- 
tics the circuit under investigation. study 
such equivalent circuit brings light effects which 
can expected from the actual circuit. this study, 
made apply this technique corrosion 
cells. Due the non-linear variability the polari- 
zation phenomenon, was found that variable 
potential had included the equivalent circuits 
represent polarization voltage. 

The work covered this paper was started 
effort explain cell action electrical engineers 
and represents primarily electrical engineer’s 
view point. 

addition the equivalent circuits, use made 
polarization diagrams show the effects cer- 
tain cell characteristics the cell curent and 
the minimum cathodic protection current required 
stop corrosion. Polarization diagrams have been used 
Dr. and others listed the ref- 
erences. 


Simple Concept Polarization 


not intended that this study should become 
involved any controversy among electrochemists 
concerning polarization and current distribution, 
rather simple concept polarization taken. For 
the purpose this study, polarization merely the 
change electrode potential caused the transfer 
vice versa. The electrode potential represented 
the potential between the electrode and half cell 
placed close that there resistive effect 
included. Any resistive effect the surface the 
electrode considered part the electrolyte re- 
sistance. minimize confusion, the static potentials 
the half cells are exactly equal each other and 
are sufficiently electronegative that the electrodes are 
always positive with respect them. The discussion 
assumes that permanent films are created the 
surface the electrodes result the current 
and therefore, any electrode will return its original 
static potential whenever its current becomes zero. 
conduction through electrolyte considered 
being similar elecfronic conduction con- 
ductor that subject similar resistive effects. 

explaining the effect cathodic protection, use 
made the theory superimposed currents, 
Which states that the net current any part 
circuit may the algebraic sum several currents 


* A paper presented at the Seventh Annual Conference, National Asso- 
ciation of Corrosion Engineers, New York, N. Y., March 13-16, 1951. 
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Abstract 


Cell action explained electrical engineers 
analogous equivalent circuits and polarization dia- 
grams. Adopting simplified concept theoretical 
corrosion cell the criterion complete cathodic pro- 
tection defined. means simple galvanic 
cell concept and with descriptive polarization dia- 
grams the criteria minimum cathodic protection 
under certain relationships current density between 
the anode and the cathode are discussed. Effect 
anodic and cathodic control, the Pearson null method, 
similar electrodes with impressed potential, resist- 
ance cell circuit, are covered. 


Laboratory tests with lead electrodes are reported. 
figures. 


from different sources. For example, electrolyte 
may carry current 100 milliamperes from 
anode cathode. When cathodic protection cur- 
rent introduced, its distribution can considered 
entirely independently the cell current. 
assumed that milliamperes cathodic protection 
current the anode and milliamperes 
the cathode, the net anode current becomes milli- 
amperes (100 cell current less pro- 
tection current) and the net cathode current becomes 
140 milliamperes (100 cell current plus 
protection current). This, course requires that 
the direction current designated and for this 
study the direction assumed from points 
more positive potential points less positive 
negative potential, through conductor resistance. 
This reverse the theoretical travel electrons. 


Anode Returned Static Potential 


simple cell consisting one anode and one 
cathode, the minimum condition required stop 
corrosion means cathodic protection that the 
cathode must polarized the open circuit static 
potential the anode. This rule applies only the 
electrical resistance the cell circuit (both the con- 
ductor portion and the electrolyte portion) negligi- 
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TABLE 
Legend 


Electrode Potential (with re- 
spect half-cell the elec- 
trode surface). 

Polarization Potential 


other potential, battery 
potential (BV) 


Current 
Resistance 
Anode 
Cathode 
Sacrificial Anode 
Static current) Condition 
Equilibrium Condition 
Protection, Protection Cur- 
rent (PI) 
Minimum Protection Condition 


Examples 
Cathode Potential 
QCE Cathode Potential under 
Equilibrium Conditions 
MPAI— Anode Current under Mini- 
mum Protection Conditions 
(equals 
MPI— Minimum Protection Current, 
same MPSI 


ble. Under this condition, the potential the elec- 
trolyte adjacent the anode essentially the same 
the potential the electrolyte adjacent the 
cathode even though the electrolyte conducting 
electricity. The rule also requires that there are 
superimposed potentials the cell circuit. Because 
the limitations this rule, will not used 
this study and more general and obvious rule will 
used. This rule states that stop corrosion, the 
anode must returned its static potential. 

For use equations and figures, system 
abbreviations has been developed and this shown 


Table 


Polarization Curves 


When electrode transfers electricity from 
electrolyte, polarization potential usually built 
the electrode-electrolyte junction. This 
the form EMF,” called because 
always opposes the current. certain point, 
which beyond the interests this study, polariza- 
tion potentials vary with current density (or with 
current for fixed size electrode), the potential 
becoming greater the current becomes greater, but 
the relationship not straight line function. Be- 
cause polarization opposes the current, makes the 
more positive electrode (the cathode) become less 
positive and the more negative electrode (the anode) 
become more positive. Usually cathode polarization 
greater than anode polarization for any given 
current density. 

The relationship between polarization and current 
can shown curves known polarization 
curves. Anode and cathode polarization curves for 
simple cell are shown Figure The anode polari- 
zation somewhat greater than would ordinarily 
expected and this done order show more 
clearly some the effects. 


PHYSICAL 


EQUIVALENT 
ELECTRICAL 
CIRCUIT 


OCE Ce 


POTENTIAL 


POLARIZATION 


~ 


EFFECT CURRENT 


OVERPROTECTION 


Figure 1—Simple galvanic cell. 


Simple Galvanic Cell 


introduction the discussion, the currents 
and potentials simple galvanic cell, shown 
Figure will reviewed. the top schematic 
diagram the physical layout the cell and the 
protective circuit. Below this shown the equivalent 
electrical circuit. The fixed potentials the cell cir- 
cuit are the electrode static potentials which are not 
equal and the variable potentials series with these 
are the polarization potentials. The meters are indi- 
cated showing the electrode dynamic potentials 
which are the static potentials plus (algebraically) 
the polarization potentials. 

the polarization diagram, the cathode potential 
curve (CE) shows the cathode becoming 
tive with increasing current and the anode potential 
curve (AE) shows the anode becoming more positive 
with increasing current. With the anode and 
connected together, the cell current will stabilized 
the intersection and CE. This called 
equilibrium condition and the values potential 
and current under this condition are indicated with 
prefixed letter From the polarization diagram 
and also from the equivalent circuit, evident that 


OCE 
and that 
OCI OAI 


order stop corrosion the anode, protection 
current (PI) supplied through the cathodic pro- 
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tection circuit and part the protection current goes 
the anode and the rest the cathode. The protec- 
tion current reduces the net anode current that 
the anode potential returns along its curve. The pro- 
tection current increases the net cathode current 
that the cathode potential continues along its curve 
beyond the intersection, Since there resistance 
this cell circuit, the following relationship must 
exist all times. 


order stop corrosion, the protection current 
must increased until the net anode current re- 


and 

Under minimum protection conditions, the anode’s 
share the protection current equal QAI and 
since the protection current the opposite direc- 
tion the cell current, exactly neutralizes the cell 
The cathode’s share the protection current 
equal MPSI minus QCI. This the same di- 
the cell current and added that 


MPCI MPSI— QCI QCI MPSI 


or,in other words, the net cathode current under mini- 
mum protection equal the protection current. 

review, the following conditions obtain under 
minimum protection conditions simple galvanic 
cell without resistance: 


rectio 


potential the anode and the potential 
the cathode are equal the static potential the 
anode. 


Polarization the anode zero. 


Polarization the cathode equal the open 
circuit potential the cell, but negative sign. 


The net anode current zero. 


net cathode current equal the total 
cathodic protection current. 


Difference Size Electrodes 


The polarization diagram for simple cell can 
taken represent condition where the anode and 
cathode are equal size. many cases actual 
corrosion cells, the anode area much smaller than 
the cathode area, causing the corrosion concen- 
trated the relatively small anode areas and result- 
ing corrosion pits the surface. Polarization 
really function current density and consequently 
the area increased and the current remains the 
same, the current density and the resulting polariza- 
tion are less. 

For purposes comparison with the simple cell 
equal size electrodes, another cell will as- 
sumed similar it, but which the cathode area 
percent the total area and the anode area 
percent. such cell, the current density due 
cell current three times great the anode 
the cathode. the total electrode area, that the 
area plus the anode area, the same both 
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POTENTIAL 
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~ 
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Figure 2—Effect electrodes unequal size. 50-50 represents equal 
size electrodes. 25-75 represents percent anode area, percent 
cathode area. 
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Figure 3—Comparison cells with cathode control and anade control. 


comparative cases, the anode current density and 
anode polarization will greater for any given cell 
current, the case the smaller anode. Similarly, 
the cathode current density and cathode polarization 
will less with the larger cathode area. More accu- 
rately, the anode current density will twice 
great and the cathode current density will 
great. comparison the polarization diagrams for 
these two conditions shown Figure leads 
the unexpected conclusion that more protection cur- 
rent required stop corrosion where the anode 
area small than required where the anode area 
relatively large. Actually, the protection current 
requirement more dependent the cathode size, 
the larger cathode requiring greater current polar- 
ize the open circuit potential the anode. The 
increase minimum protection current would not 
great the anode polarization curve was flatter 
the comparison cells had percent cathode 
area compared with percent. 
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POTENTIAL polarization primarily responsible for limiting the 
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Figure 4—Change cell potential with pro- 
tection current indicated polarization 
diagram. 
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Figure 5—Cell similar electrodes with impressed potential. 


There little difference the equilibrium cell 
currents the two comparative cases, which means 
that with the smaller anode, the current density 
equilibrium greater and the pitting action faster. 


Effect Anode Control 


stated previously, cathode polarization usu- 
ally greater than anode polarization for the same cur- 
rent density. Under such conditions, the cell said 
under cathode control because the cathode 


cell current and resultant corrosion, Under certain 
conditions, corrosion cell may under anode con- 
trol, where the anode polarization greater. For- 
tunately, this occurs only rarely actual corrosion 
problems. 

The effect anode control minimum protection 
current shown Figure which compares the 
polarization diagrams for the two conditions. For this 
comparison, the same open circuit cell voltage used 
for the two cases but the polarization characteristics 
the anode and the cathode are interchanged. This 
results the same equilibrium cell current the 
two cases. was found that using the same 
tion curves previous diagrams resulted 
protection current large that the diagram was too 
long for easy reproduction. order show the 
effect without the excess size, straight line 
tion characteristics have been assumed. The impor- 
tant conclusion drawn from the charts that 
under anode control, the protection current 
stop corrosion extremely large. entirely 
possible that cathodic protection not practical 
some such cases. 


Pearson Null Method 


The difference anode and cathode polarization 
the basis method for determining the mini- 
mum current required for cathodic protection 
oped the late Dr. John Pearson. may 
interest this time take look the theory 
behind this test. order demonstrate it, 
necessary assume much flatter anode polariza- 
tion curve than has been used previous diagrams. 
The use flatter curve entirely justified since, 
mentioned earlier, the anode curves have been 
exaggerated order show better the effects 
various cell 

Figure shows polarization diagram with the 
more customary flattened anode curve. Below this 
diagram plot electrode potential against pro- 
tection current. Since both electrodes are the same 
potential, there only one graph. zero protection 
current, the electrode potential the equilibrium 
trode potential shown the polarization diagram. 
For small values protection current there little 
change electrode potential because the anode 
being depolarized. minimum protection current, 
the electrodes are the open circuit potential the 
anode. When the protection current further in- 
creased, the electrode which had been the anode be- 
comes cathode and follows cathode polarization 
curve which much steeper than the anode curve. 
This results change slope the potential 
curve and there now greater change electrode 
potential for given increment the protection 
current. this example, the change slope very 
marked and this due largely the fact that there 
resistance our theoretical simple cell. 
practical test, the resistive effects have “nulled 
out” and this requires rather elaborate equipment 
and highly developed technique. Nevertheless, this 
“break” the electrode potential curve 
means determining minimum protection current. 
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Similar Electrodes with Impressed Potential 


Figure shows cell similar electrodes with 
external voltage (BV) impressed them. The 
static potentials the electrodes are equal but the 
potential one electrode has been raised above that 
the other the impressed battery potential, BV. 
The electrode whose potential has been raised, that 
is, the more positive electrode becomes the anode. 
This seems the reverse the galvanic cell 
where the more positive electrode was the cathode. 
eliminate this apparent confusion, more funda- 
mental rule must resorted to. electrode with 
current remains its static potential. the elec- 
trode raised potential above its static potential, 
that is, made more positive, becomes 
anode and lowered potential, made more 
negative than its static potential, becomes cath- 
ode. Such change electrode’s potential can 
made only connecting structure different 
potential. The potential electrode can raised 
(made more positive) connecting more elec- 
tropositive electrode connecting the posi- 
tive post battery whose negative post con- 
nected similar electrode. Thus, evident that 
both cases, the electrode with the raised potential 
becomes the anode. 


The impressed potential can considered part 
the cathode circuit, part the anode circuit 
partly each circuit, For this study, will con- 
sidered part the cathode circuit. Thus, instead 
plain cathode, there cathode-plus-battery 
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Figure 7—Effects anode resistance and cathode resistance. 


and polarization diagram can made, shown 
the lower part Figure 

For comparison purposes, the battery voltage 
(BV) has been taken being equal the open 
circuit voltage the simple cell shown Figure 
Comparing the diagrams will show the similarity 
the two conditions, the only difference being that the 
significant cathode curve really 
battery curve. 

cell dissimilar electrodes and impressed 
voltage, the situation can analyzed considering 
the battery voltage part one the electrodes 
and doesn’t make any difference which electrode 
selected long the polarities are kept straight. 
the electrode-plus-battery more positive than the 
other electrode, the combination becomes the cathode 
but the electrode-plus-battery more nega- 
tive than the other electrode, the combination be- 
comes the anode circuit. This rule holds even though 
the battery may indicate different condition. 


Resistance Cell Circuit 

Since, all practical cases, there some electrical 
resistance the anode and the cathode, the effects 
these resistances are important. Figure shows 
cell with resistance. The resistance the cathode 
has the effect lowering the cathode potential 
the amount its resistance voltage (IR drop) and 
the resistance the anode has the effect raising 
its potential the amount its resistance voltage. 
Thus, two new curves are formed the polarization 


diagram, and ARV. The equilib- 
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Figure 8—Lead cell polarization test. 
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Figure 9—Result measurements. Lead electrodes with 
impressed potential. 


rium current determined the intersection 
these new curves. The equilibrium current with re- 
sistance naturally less than would obtain without 
resistance. Because the cell current less, the elec- 
trodes are polarized lesser degree and this de- 
crease polarization potentials made the 
resistance voltages. 

The effect resistance protection current 
different depending whether the resistance 
the anode branch the circuit the cathode 
branch, For the purpose analyzing these effects, 
can first that all the resistance 
the anode branch, and secondly, that all the resist- 
ance the cathode branch. These are shown 
Figure 

When all the resistance the anode, the mini- 


mum protection current exactly the same the 
anode had resistance. This because, minimum 
protection, there net current the anode and 
therefore current through its resistance create 
drop. Nevertheless, this anode resistance does 
affect the distribution the protection current, caus- 
ing greater portion the cathode than the 
case cell with resistance. This greater current 
provides the additional polarization the cathode 
overcome the resistive voltage the anode under 
equilibrium conditions, 

When all the resistance the cathode, the 
distribution the protection current again af- 
fected, but this case, the cathode gets 
portion. This serves reduce the anode current 
zero with less protection current than would re- 
quired with resistance the cell. With less 
mum protection current, the cathode polarized 
less, but with cathode resistance, not necessary 
polarize the cathode the static potential the 
anode because the resistive drop has the effect 
adding itself the polarization. The amount 
minimum protection current going the 
the same when the resistance was the anode 
because the equilibrium anode current was the same 
both cases. 

review, resistance any part the cell circuit 
reduces the equilibrium current and therefore the 
rate corrosion. Resistance the anode branch 
does not affect the minimum protective current re- 
quirement but resistance the cathode re- 
duces the minimum protective current requirement. 
interesting note that resistance the con- 
ductor portions the electrodes has the same 
resistance the electrolytic portion. 


Laboratory Measurements 


order check limited way, the conclusions drawn 
from these theoretical considerations, test run was made 
the laboratory using two lead electrodes about inches square, 
lead-lead chloride half cells and the circuit shown Figure 
About .26 volt was applied the electrodes, half side 
the cathodic protection connection, keep the conductor 
portions the two branches the protection circuit equal 
resistance. Before applying protection current, the cell current 
was controlled 10,000 ohm variable resistance. This per- 
mitted controlling the cell current obtain points the 
polarization curves for values cell current less than the 
equilibrium current. After all this resistance was cut out, 
the switch marked “Cell” was closed and equilibrium condi- 
tions were measured. Protection current was then applied 
small increments until the anode current reversed, 
these measurements are shown Figure When the anode 
current reached zero, the anode was only millivolts from its 
original static potential. The test tank was not large enough 
permit the measurement resistive voltages separately 
the anode and cathode and the total resistive voltage 
affecting the cathode. 
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Some Corrosion Inhibitors—A Reference List 


Report Technical Unit Committee T-3A Corrosion Inhibitors* 


TECHNICAL Committee Corrosion In- 
formerly known TP-9 and now identi- 
fied T-3A has prepared list corrosion inhibitors 
for various uses, This list has been prepared from 
literature references and attempt has been made 
the committee screen the inhibitors for relative 
merit effectiveness. The committee does not con- 
sider any means complete list cor- 
rosion inhibitors. 

The purpose publishing the list its present 
form provide starting point for anyone with 
new corrosion problem field not familiar him. 
hoped that this list will steer such person 
the proper literature and possible chemicals for 
his use. 

compiling this list the committee agreed in- 
clude only corrosion inhibitors which were described 
readily available publication. attempt was 
made include all inhibitors described articles 
published trade technical journals, but undoubt- 
the coverage incomplete. For this reason 
number inhibitors which are common use today 
were not included because published literature 
other than manufacturers’ bulletins was found 
these materials. 


* Robert R. Wise, National Aluminate Co., Chicago, chairman, 


Abstract 


Chemical and trade names, sources supply, utility classes 
which useful, material with which effective and literature 
references for inhibitors and classes inhibitors are given. 
This list, consisting only inhibitors for which literature ref- 
erences are outside manufacturers’ literature, 
conceded incomplete. Suggestions for additions and 


changes presentation are solicited the originating com- 
mittee. 


Some consideration was given the inclusion 
this tabulation preferred environment regards 
and temperature and also recommended dosage 
parts per million. However, was considered 
the committee that inclusion this data might 
hazardous because the conditions under which par- 
ticular inhibitor would used might widely vary- 
ing from those published. 

The committee disclaims any responsibility for ef- 
fectiveness the inhibitors listed and offers this list 
merely convenience the corrosion worker. 

The committee will welcome suggestions for modi- 
fication the format this listing for future publi- 
cations and also will welcome information inhibi- 
tors not included this list which should included 
later 


Corrosion Inhibitor Reference List 


Legend Utility Classes (Useful In) 


A Acids 

B Brine (or Salt Water) 
C Cooling Waters 

D Potable Waters 


Oil (Crude) 
E Steam Condensate Lines 


1 Acids, stearic, naphthenic and 16 others} Same 


F Petroleum Fuels 
Gas (and Gas Condensate Wells) 
H Oils (Mineral) 


J Food Products 
K Paints 

L Volatile 

M Miscellaneous 


References 


Trade Useful Effective 
Item Chemical Names Names Sources With 


Chemical H Fe Ind. & Engr. Chem., Vol. 41, No. 1, 137-144 (1949) Jan. 
Suppliers 

2 | Allyl isothiocyanate A Chemical Abstracts, Vol. 46, No. 11, 49835 

3 | Alumohemicellulose A Chemical Abstracts, Vol. 46, No. 12. 5509s 

4 | Amine Soaps H Fe Ind. & Engr. Chem., Vol. 41, No. 1, 137-144 (1949) Jan. 

5 | Amines, octadecyl and others Same Chemical H Fe Ind. & Engr. Chem., Vol. 41, No. 1 137-144 (1949) Jan. 
Suppliers Powers Engr., Vol. 54, No. 6 61-63, (1950) June. 

6 | Ammonia NHs3 Chemical E Fe, Cu, Oil & Gas J., Vol. 48, No. 27, 238 (1949) Nov. 10. 
Suppliers LL Brass Corrosion, Vol. 7, No. 9, 312-315 (1951) Sept. 

7 | Ammonium hydroxide . Chemical G Fe AIME, Pet. Tech., Vol. 10, No. 4 (1949) 

| Suppliers Natural Gasoline Assn. of America, Corrosion Research 
Project Committee Reports, Dec. 7, 1945. March 6, 1946. 
8 | Aniline, diethylaniline, p-phenylenedia- A Fe T. P. Hoar, Pittsburgh Intern. Conference on Surface Reac- 


mine 2-naphthylamine, phenyl 2-na- 
phthylamine, pyridine, quinoline (and 
B) naphthoquinoline, 2,4 (and 2.6) di- 
methyljuinoline. e t h y I-quinolinium 
bromide. acridine, acridine orange, ac- 
tidine red, acriflavine, euflavine. pro- 
‘avine, petroleum sulfonates, sulfon- 
——_| ated castor oil. 


tions, 127-34 (1948). 
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Corrosion Inhibitor Reference 
Legend Utility Classes (Useful In) 
Acids Petroleum Fuels Food Products 
; B Brine (or Salt Water) G Gas (and Gas Condensate Wells) K Paints 
C Cooling Waters H Oils (Mineral) L Volatile 
Potable Waters Oil (Crude) Miscellaneous 
Steam Condensate Lines 
Trade Useful Effective Item 
Item Chemical Names Names Sources With References 
9 10-Anthraquinone | M Fe Chemical Abstracts, Vol. 43, 4207%,f. : 
Doklay Akad. Nauk, SS&R, Vol. 63, 685 (1948); Vol. 64, 
| (1949). 4 
NaAsO2 4 
11 Bone Oil Same Chemical G Fe See Ref. 7, NGAA, 1149, Vol. III, Page 146. 43 
| Suppliers 
s > 12 | Calcium Carbonate Same Deposited | B,C, D All Metals | J. Amer. Water Works Assoc., Vol. 28, 1500 (1936). 4 44 
. from water Ind. & Engr. Chem., Vol. 37, No. 9, 842-846 (1945) Sept. : a 
on addition 
of lime or 
| soda ash. 
Calcium Hydroxide Ca(OH)2 Chemical Fe, Zn, Cu, Corrosion Causes Prevention, 2nd Edition, 361-366 (1935), 
Suppliers Brass 
14 Carbon Disulfide Same Chemical G Fe Proc. 26 Ann. Meeting API, Sec. IV Prod. (Prod. Bull. No. 47 
Suppliers 232). Page 11 (1946). 
Carbon Monoxide Ind. Engr. Chem., Vol. 32, No. 11, 1490-1494 (1940) Nov. 
(Stainless) 
Chromates Chemical Fe, Zn, Ind. Engr. Chem., Vol. 41, No. 11, 2376-2382 Nov 
Suppliers Oe ay Brass Oil & Gas J., Vol. 47, No. 37, 83-87 (1949) Jan. 1 a 
Chromates Same Chemical Oil Weekly. Vol. 123, No. 17-22 (1946) Sept. 30. 
Suppliers Oil Weekly, Vol. 123, No. 6, 30-34 (1946) Oct. 7. a 
18 Chromates | Same Chemical G Fe See Ref. 7, NGAA, 1149, Vol. V, page 128-131; NGAA, § eal 
Suppliers 11150, Vol. VII, page 68-72. 52 
World Oil, Vol. 129, No. 9, 160-168 (1949) Decemi ber. a 
19 Chromates and Caustic Same Chemical G Fe “World Oil, Vol. 129, No. 3, 29 (1949). q 53 
Suppliers > 
Corexit Oil Oil Gas J., Vol. 49, No. 40, 95-97 (1951) Feb. 
as. 7 22 Dibenzy! Sulfoxide A Tron Chemical Abstracts, Vol. 46, No. 16, 7502. 
Nickel 
23 _Dodecylpy ridine—HCl A | Chemical Abstracts, Vol. 46, No. 18, 8592i. 
aa 24 Mepasin- sulfamido Raiorvite Acid Emulphor General A Fe Corrosion, Vol. 6, No. 7, 225-231 (1950) July. a me | 
25 | Ethylamine and its substituted deriva- | | A Fe Physics and Colloid Chem., Vol. 55, 180-187 (1951). 
| tives such as bromoethylamine | 59 | 
Extract Linseed Applied Chemistry (USSR), Vol. 19, 140-147. 
27 Glycerol mono-oleate (and similar Same Chemical H Fe Ind. & Engr. Chem., Vol. 41, No. 1, 137-144 (1949) Jan. q ill 
esters) Suppliers | 
28 Hydrocarbon-sulfamido carboxylic  Emulphor | Gen. Ani- ra B, F, ry Fe, Mg, Corrosion, Vol. 6, No. 7, 225-231 (1950) July). 4 
acid STH line Film Ind. Engr. Chem., Vol. 41, No. 11, 2616-2622 (1949) Nov. 
| (Mepasin) | Corp. | i | 
(Emulsifier | | | 
29 Inorganic Halides especially Nal | | A Fe Corrosion, Vol. 6, No. 10, 344-346 (1950) Oct. S ah 
Kontol Same Tre tolite Cu, Petro. Processing, Vol. No. 190-197 52) Feb 
| | | rass 
No. 115 Same Tretolite Gas J., Vol. 45, No. 27, 86-87 (1946) Nov. 
| | | | See Ref. 7, NGAA, 1149, Vol. V, page 83-110. 
32 | Kontol No. 118 Same Tretolite | G | Fe | See Item No. 14 ~ Pee 
| | | | See Ref. 7, NGAA, 1149, Vol. V, page 83-110. : 65 | 7 
33 Lanolin | Same | Chemical | H | Fe ind & Engr. Sion , Vol. 41, No. 1, 137-144 (1949) lens ‘a a 
| | | Supplie rs | | a 66 | 7 
| thin Co. 67 7 
~ 35 Magnesium (Metal) | Same | Chemical G | Fe | See Ref. 7, NGAA, 1649, Vol. V, page 199-201; NGAA, of eee el a 
Mercaptobenzo thiazole (Rokon) Vanderbilt Oil Gas J., Vol. 40, No. 44, 172-175 (1941) Nov. 
: 37 Molecularly Dehydrated Phosphates | Orocol | W. H. & L. B,C Fe, Zn, Cu, Oil & ‘Gas J., Vol. 49, No. 43, 52-62 (1951) Marc! 
o and Chromates | | D. Betz | | Brass | Ind. & Engr. Chem., Vol. 44, No. 8, 1770-1774 (19. Fi Aug 
Be | | Corrosion, Vol. 6, No. 10, 331-340 (1947) Oct. 
38 | Molecularly Dehydrated Phosphates Nalco |} Nat. Alumi- | Fe, Zn, Cu, | Oil & Gas J., Vol. 49, No. 43, 52-62 (1951) March 
| and Ferro Cyanides No. 33 | nate Corp. | Brass 
39 Molecularly Dehydrated Phosphates | Phospho- | “D w. ‘Haer-| BC “Fe, Za, Cu, | “Oil & Gas J., Vol. 49, No. 43, 52-62 (1951) March |. 
and Organics glucosate ing, Wright | Brass | Ind. & Engr. Chem., Vol. 30, No. 12, 1356-1361 (19°83) Dec. 
| Chem. Com- | 
pany 


196t 


Acids 


C Cooling Waters 
D Potable Waters 


SOME CORROSION REFERENCE LIST 


Corrosion Inhibitor Reference 


Legend Utility Classes (Useful In) 


F Petroleum Fuels 
G Gas (and Gas Condensate Wells) 
H Oils (Mineral) 


B Brine (or Salt Water) 


E Steam Condensate Lines 


I Oil (Crude) 


J Food Products 
K Paints 

L Volatile 

M Miscellaneous 


Trade Useful Effective 
Item Chemical Names Names Sources With References 
40 Molecularly Dehydrated Phosphates E. F. Drew c,D Fe, Zn, Cu, | Corrosion, Vol. 8, No. 12, 402-406 (1952) Dec. 
and Silicates Brass 
Naphthenic Acid Same Chemical Corrosion, Vol. No. 121-138 (1947) March. 
Suppliers See Ref. NGAA, 21046, Vol. III, page 148-149, 
Naphthoquinoline O-tolylthiourea Hoar, Pittsburgh Intern. Conference Surface Re- 
| actions, 127-134 (1948). 
> 43 | Nitrite, dicyclohexylamonium VPI-260 | Shell Oil L Fe Corrosion, Vol. 7, No. 9, 284-294, (1951) Sept. 
Company 
" 44 Phosphates, hexameta, Na & Ca Micromet Calgon Inc. | cB * — Cu, | Ind. & Engr. Chem., Vol. 37, No. 8, 724-735 (1945) Aug. 
Al, Brass 
Phosphoric Waters Ind. Engr. Chem., Vol. 41, No. 137-144 (1949) 
| Suppliers | | 
a 46 Potassium Carbonate Same Chemical G Fe NGAA, (1946) March 6. 
Suppliers | 
Potassium dichromate High Science Reports the Research Inst., Tohoku University, 
), | Steels Ser. A, Vol. 2, 209-215 (1950) April. 
Rosin amine-ethylene oxide condensates Corrosion, Vol. No. 180-185 (1950) June. 
y, | Corrosion, Vol. 7, No. 11, 403 (1951) Nov. 
— 49 Soaps (20 described) Chromium Chemical H Fe Ind. & Engr. Chem., Vol. 41, No. 1, 137-144 (1949) Jan. 
y | | Suppliers M Fe Journal Science Indus. Res., (India), Vol. 4, 449 (1946). 
Benzoate Same Chemical Journal Soc. Chem. Indus. (Br.), Vol. 66, 137. 
Suppliers Chem. & Ind. (Br.), Vol. 53, 1194 (1951). 
Benzoate Chemical Abstracts, Vol. 43, No. 18, 69625. 
52 Sodium Bicarbonate ; Same Chemical G Fe See Ref. 7, NGAA, 1548, Vol. IV, page 216-220. 
Suppliers 
4 53 Sodium Carbonates Same Chemical G Fe See item No. 14. 
a | Suppliers Corrosion, Vol. 2, No. 4, 188-194 (1946) Oct. 
a 54 | Sodium Hexametaphosphate Calgon Calgon, Inc.| B,C, D | Fe, Zn, Cu, | Corrosion, Vol. 8, No. 11, 381-390 (1952) Nov. 
q | Brass, Pb Ind. & Engr. Chem., Vol. 32, No. 12, 1572-1579 (1938) Dec. 
' 55 F Sodium Hydroxide | Same Chemical G Fe See Ref. 7, NGAA, March 6, 1946. 
= 4 | Suppliers Corrosion, Vol. 2, No. 4, 195-198 (1946) Oct. 
; q 56 | Sodium Hydroxide | NaOH Chemical cw Fe, Zn, Cu, | Ind. & Engr. Chem., Vol. 37, No. 8, 724-735 (1945) Aug. 
— 4 57 | Sodium Nitrate is | Same Chemical Cc. Hi, Fe, Zn, Cu, | Journal Electrochemical Soc., Vol. 93, 63 (1948). 
7 | Suppliers | F Brass, Al Ind. & Engr. Chem. Vol. 35, 358 (1943). 
7 38 | Sodium Nitrite j Same Chemical G Fe Corrosion, Vol. 3, No. 3, 121-138 (1947) March. 
Suppliers Corrosion, Vol. No. 188-194 (1946) Oct. 
q 59 | Sodium septa Nalco Nalco cD Fe, Zn, Cu, | Ind. & Engr. Chem., Vol. 37, No. 8, 724-735 (1945) Aug. 
No. 918 Al, Brass 
Sodium Silicate Same Phila. C,D Fe, Zn, Cu, Ind. Engr. Chem., Vol. 30, No. 348-351 (1938) March. 
= Quartz | Brass Ind. & Engr. Chem., Vol. 44, No. 8, 1765-1769 (1952) Aug. 
Chemical 
Supplier | 
ov. 61 | Sodium Silicate | Same | Chemical | G | Fe Corrosion, Vol. 2, No. 4, 188-194, (1946) Oct. 
| Suppliers | 
62 | Sodium Sulfite Same | Chemical | } ee All Metals | Petro. Processing, Vol. 7, No. 5, 620-622 (1952) May. 
— Suppliers | J. Amer. Water Works Assoc., 39 (1121) (1947) 
— 63 | Sorbitan Esters | Chemical H Fe Ind. & Engr. Chem., Vol. 41, No. 1, 137-144 (1949) Jan. 
| Suppliers | 
| Suppliers | H Fe | Ind. & Engr. Chem., Vol. 41, No. 1, 137-144 (1949) Jan. 
| Sinclair F Fe Oil & Gas J., Vol. 39, No. 28, 340-344 (1950) Nov. 16. 
“al | Res. Labs. | 
65 | Tetraphospho-glucosate a | W. D. Hear- , oe > | Fe, Zn, Cu, | Ind. & Engr. Chem., Vol. 37, No. 8, 724-735 (1945) Aug. 
| ing Al, Brass 
66 | Thiodiglycol A Fe Applied Chem. (USSR) (Zhurnal Prikladnoi Khimii) Vol. 
ae | | 24, No. 3, 283-288 (1951). 
Turkey Red Same Chemical Corrosion, Vol. No. 121-138 (1947) March. 
AA, | | Suppliers | 
68 Vogel's inhibitor (unspecified compo- | A Fe | Korrosion u. Metallschutz, Vol. 19, 297-305 (1943). 
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TAKES ALL THREE GIVE PROTECTION 


THICKNESS 


film mils thick that “punky,” per- 
meable, filled with “holidays,” offers little 
more protection than film single mil. 
Thickness must combined with density 
—and adhesion with both. 


Tygon “ATD” Hot Spray Paint, used with 
Tygorust Primer, offers proven adhesion, 
proven density, and film thickness 


virtually your own choosing—up 
mils with single long, slow pass the 
spray gun. 

Here’s real protection. And real economy, 
too. For the Tygon Hot Spray Viny! 
coating system can save you 20%-30% 
painting costs over conventional cold spray 
methods. 


LEARN MORE ABOUT TYGON HOT SPRAY PAINT, TODAY! 


Write for bulletin. Address Plastics Synthetics Division, The Stoneware Co., Akron 


NEWARE 


AKRON OHIO 


tenary 
holdin; 
trol 
buildin 
signed 
regula 

The 
noon 

The 


8:00 
9:00 
9:45 


10:30 


11:20 
11:30 


12:30 
2:30 


5:45 
6:45 


8:45 
9:30 


10:15 
10:25 


11:00 
11:40 


12:30 
1:30 p! 


Miam 
Cathe 


the 
Blue 
and Gas 

Joe 
and Th 
Florida 
anc 
Power 
cathodic 
tems ani 
Light 
and Lig 
tion and 


198t 


NACE 


Shreveport Section 


Outlines Program 
For Fifth Event 


Shreveport Section NACE and Cen- 
tenary College, Shreveport, La. are 
their fifth annual corrosion con- 
trol short course May 5-6 the science 
the college. The course de- 
signed primarily for superintendents, 
foremen, field men and engineers not 
engaged corrosion work. 

The registration fee includes two 
noon and buffet supper. 

The program has been an- 
follows: 

Thursday, May 
8:00 
9:00 
9:45 Causes Cor- 
rosion, 

10:30 am—Causes and Mechanics In- 
ternal Corrosion. 

11:20 

11:30 am—Corrosion Control Oil and 
Gas Wells. 

12:30 Centenary College 


Cafeteria, 
1:30 pm—Stainless Steels and Their 
Applications. 


2:30 pm—Coating Inspection Practices 
the Field. 

5:45 pm—Fellowship Hour. 

6:45 pm—Buffet Supper. 

Friday, May 

8:45 am—Insulating Materials and 

9:30 am—Various Applications 
Potential Measurements. 

10:15 am—Intermission. 

10:25 am—Corrosion Experiences 
Chemical Processing Plant. 

11:00 am—Operation Cathodic 
Protection Unit. 

11:40 am—Role the Field Foreman 
Corrosion Control. 

12:30 pm—Lunch. 

1:30 pm—Round table discussion 
corrosion and corrosion 


Miami Section Hears 
Cathodic Protection Talks 


meeting the Miami Section 
the NACE was held February the 
Blue Flame Room the Peoples Water 
and Gas Company. 

Joe Prime opened the meeting and in- 
troduced the speakers. Atkinson 
and Thomas Griggs, Navy 
Aqueduct, talked the aqueduct from 
Florida City Key West, its protec- 
ton and problems. Joe Frink, Florida 
Power and Light Company, discussed 
protection underground sys- 
tems and Joe Prime, Florida Power and 

ight Company, related experience with 
mitigation Florida Power 
and Light Company’s system. ques- 
ton and discussion period followed. 


DR. LONG addresses Chicago Section 
February corrosion design. 


Design Against Corrosion 
Discussed Chicago 


Predetermined Design Against Corro- 
sion was subject talk Long, 
chemical director Devoe and Rayn- 
olds Co., during the February meet- 
ing NACE Chicago Section. Approxi- 
mately 110 members attended. 
Ewing, Standard Oil Co. (Indiana), was 
master ceremonies. 

Dr. Long stressed building equations 
variables and their relations study 
corrosion and felt time that inten- 
sive study made pure metals. 
suggested comprehensive series 
tests some 13,000 panels made 
various metals and alloys well 
iron having controlled amounts car- 
bon and pointed out that variables should 
coordinated and combinations dia- 
gramed. explained that facts must 
determined heat treatments and/or 
coatings obtain protection from corro- 
sion and emphasized that science and 
mathematics must teamed the 
study. 

example good protective 
coating practice Dr. Long recommended 
careful sandblasting, primer epoxy 
resin with pounds zinc chromate 
per gallon applied two coats which 
second coat may have aluminum and 
final coat alkyd resin having any de- 
sired pigment with total paint thickness 
being .008 .01 inches. While treat- 
ment may cost much cents per 
square foot, may last years outer 
layer renewed every five seven 
years, thus saving steel, the important 
material, said. 


NACE Abstract Card Service con- 
sists about 2000 2-row punch cards 
year with abstracts corrosion litera- 
ture printed them. They are cross- 
indexed and punched topics, 


Corrosion Short Courses 


Wide Variety Topics 
Scheduled for 4-Day 


Vancouver Meeting 


4-day Corrosion Short Course will 
held Vancouver, British Columbia 
April 19-22 inclusive. The course, spon- 
sored jointly the Department 
Chemical Engineering, University 
British Columbia and the NACE Van- 
couver Section, will cover wide range 
topics. 

Atmospheric and underground corro- 
sion, marine exposures, boiler water 
treatment, inhibitors and fundamental 
reactions are among the topics 
discussed faculty, most whom 
are NACE members. general corro- 
sion discussion session scheduled also. 

Ian Berwick, the British Co- 
lumbia Research Council the Univer- 
sity British Columbia, Vancouver 
Canada, registration The 
fee for the course has been set tenta- 
tively $20. Accommodations for lim- 
ited number available the university 
campus may reserved advance. 
The telephone number the registra- 
tion chairman Vancouver, Alma 1156. 

Lecturers and their topics will be: 

Morris Cohen, National Research 
Council, Ottawa, fundamentals; and in- 
hibitors. 

Fair, Koppers Co., Inc., 
Tar Products Div., Verona, Pa., coal tar 
coatings. 

Daniel Markoff, Electro Rust-Proof- 
ing Corp., Monrovia, Cal., pro- 
tection fundamentals. 

William Schneider, Pacific Gas 
Electric Co., Berkeley, Cal., cathodic 
protection practice. 

Carson, Pacific Naval Laboratory, 
Esquimalt, C., marine applications 
cathodic protection. 

Jackson, Alchem, boiler water cor- 
rosion and water treatment, 

Wayne Friend, International Nickel 
Co., Inc., New York City, atmospheric 
corrosion. 

Aaron Wachter, Shell Development 
Company, Emeryville, Cal., design from 
the corrosion standpoint. 

Pryor, Kaiser Aluminum and 
Chemical Corp., Spokane, Wash., alumi- 
num as a construction material from a 
corrosion standpoint. 

Carroll Wakeman, Los Angeles 
Harbor Dept., Wilmington, Cal., new 
materials for marine construction. 


general corrosion problems discus- 
sion session will held and film 
stress corrosion cracking shown. 


Region Meets May 5-6 


The annual spring meeting South- 
east Region NACE scheduled 
held Birmingham, Ala., May 5-6, Fred 
Blankenship, Jr., Southern Natural 
Gas Co., program chairman. 


Plastics Discussed 
Genessee Valley Section 


Approximately members and guests 
attended joint meeting and dinner 
the Genessee Valley Section and Roches- 
ter Chapter, AIChE Rochester Moose 
Home. Raymond Seymour Atlas 
Mineral Products Co. spoke Plastics 


ship mailing list. 


Nicolet Tufbestos. 


Products. 


such hair. 


Nicolet Regular 15+ Asbestos Pipe Line Felt. 
Nicolet Perforated 15+ Asbestos Pipe Line Felt. 


Other weight felts which are available because 
Nicolet custom manufacturer Felt 


Nicolet Asbestos Pipe Line Felt has the minimum 
organic content and application strength ob- 
tained without the use organic reinforcements, 


Write for your copy the new Nicolet Catalog 
ALL INQUIRIES WELCOME 
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TENNESSEE UNIVERSITY CORROSION CONFERENCE registrants are shown here during the 

March 1-3 sessions. The registrants heard program consisting discussions corrosion 

matters ranging from atmospheric corrosion through discussions the fundamentals metals 
and alloys. 


for Corrosion Resistant Applications. 
briefly discussed the various types 
plastics commercially 

series approximately 100 slides 
was used illustrate various uses for 
plastics corrosion resistant applica- 
tions, discussion period centered prin- 
cipally about the use coatings fol- 
lowed his talk. 


Payment 1955 Membership Dues 


order avoid interrupted mail and missed copies CORROSION all NACE 
members who have not done already are urged remit their 1955 MEMBER- 
SHIP DUES before March 31. Association by-laws require that the names 
those whose dues are not received March dropped from the member- 


NICOLET INDUSTRIES, INC. 


QUALITY MANUFACTURER 


NICOLET ASBESTOS 
PIPE LIME FELT 


Epoxy Resins Topic 
Permian Basin Session 


The members and guests attending 
the February meeting Permian 
Basin Section the Lincoln Hote} 
heard Owens Coast Paint and 
Lacquer Company, Houston, present 
paper “Epoxy Resins; Their General 
Characteristics and Uses.” 

Harold Winston the Gulf Oil Corp, 
was elected secretary-treasurer for the 
1954-55 term replace Dr, 
berts. Modgling, Aquaness Corp, 
was named chairman the 6th 
Permian Basin Corrosion Tour, 


Detroit Hears Analysis 
Water Treating Gadgets 


Approximately members and guests 
attending the February meeting 
Cleveland Section heard 
Hall Laboratories, present paper 
Practical Performance Water Treat- 
ing Gadgets. Mr. Welder 
his talk fraudulent water 
devices with samples four 
marketed within the past five years. 
said promotional literature these de- 
vices making claims such elimination 
scale and rust, creating 
water and use less soap had received 
wide publicity leading maga- 
zines and newspapers. Mr, Welder ex- 
posed these claims proving there 
practical basis the theory used 
explain the action that supposedly occurs 
the gadgets. 
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SOLD IMPRESSED CURRENT FOR CATHODIC 
“NATIONAL” ANODES THE 
BEST JOB FOR LESS! 


“NATIONAL” 
CATHODIC PROTECTION 
ANODES 
INSTALLED HERE 


OF LEAKS 


HERE’S WHY YOU SHOULD USE 


NATIONAL GRAPHITE ANODES 


TRADE-MARK 


CHOICE MATERIAL: “Nationa!” Anodes are available from stock 
two materials Graphite, which gives maximum life under all 
service conditions; standard graphite, for dependable, long-life, under- 
ground service. 


CHOICE SIZE: Anodes are stocked two standard sizes 
dia. 60” long and dia. 80” long. Other sizes and shapes can 
supplied. 


CHOICE LEADS: “National” Anodes are supplied with choice 
three types cables waterproof, oil-resistant waterproof extra- 
strong waterproof. The standard anode-to-lead connection the best 
available, capable withstanding 400-pound pull and sealed 
against moisture. 


CHOICE SHIPMENT: 60” anodes are shipped crates five, 
pallets seventy-five loose carload lots. The five-piece anode 
crate designed for easy carrying two men. The anodes are fully 
protected sturdy wooden slats, steel-banded, yet are available 
seconds the point use. 


Decide the sure, safe, economical method cathodic protection. 
Then choose Anodes the best job the least 
overall cost. 

Write for Catalog Section S-6500 


The term ** National’’ is a registered trade-mark of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation, 30 East 42nd Street, New York 17, N. Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, af A 
San Francisco Jn Canada: Union Carbide Canada Limited, Toronto 
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Detroit Section Presents 
Corrosion Panel 


Ventilation Conference 


Detroit Section NACE presented 
corrosion panel the Industrial Venti- 
lation Conference held the Kellogg 
Center the Michigan State campus 
East Lansing, Mich. February 14. 
The Detroit Edison Co., 
Gleekman, Wyandotte Chemicals 
Corp. and Ivanso, Detroit Testing 
Laboratories, Inc. were participants. 

Designing for Corrosion Protection 
was title discussion Frank 
Whitney, Monsanto Chemical Com- 
pany during joint dinner meeting held 


Detroit Section and the Electrochem- 
ical Society the Engineering Society 
Detroit February 24, Approxi- 
mately 150 members both organiza- 
tions attended. 

Corrosion Resistance Concrete 
Chemical Plant Environments title 
the section’s April dinner meeting 
scheduled the Engineering Society 
Detroit. Representatives the Uni- 
versal Atlas Cement Co., the Truscon 
Laboratories and Portland Cement As- 
sociation will participate. 


Besides magazines the United 
States, articles digests articles 
Corrosion have been published peri- 
odicals Belgium, England, France, 
Germany and Japan. 


“Frankly, worried about this but 
Throckmorton keeps insisting ‘It’s the 


Throckmorton’s method one way guaranteeing better results. 
But there are other applications this “in the technique which 
serve far more useful purpose. Standard Magnesium, for example, 


puts its VIBRA-PAK ANODES “in the 


insure proper 


centering the anode the chemicals regardless shipping and 


handling. 


new backfill packaging technique serves another 


purpose, also. Now you can install your anodes 


more accurately. 


easier 


Best all, VIBRA-PAK packaging only the many ad- 
vantages offered Standard Magnesium. There’s also the high 


standard 


maintained spectrographic analysis 


which means more current per pound, longer life per anode. And, 
course, the wonderful new, patented spiral core; the core that won’t 


separate from the anode. 


Next time get the anode which brings you higher efficiency, longer 
life, greater ease handling. Specify Standard Magnesium VIBRA- 


PAK ANODES. 


Pioneers of: SPECTROGRAPHICALLY ANALYZED ANODES AND CYLINDRICAL ANODES 


Catalytically Cured Organic 
Coatings Covered 


Sabine-Neches Session 


Coating Co. spoke Catalytically 
Cured Organic Coatings during the 
February meeting Sabine-Neches 
Section. Thirty-four members and guests 
heard Mr, Ploederl discuss 
coatings, their modifications and advan- 
tages and disadvantages modified 
phenols. Catalysts used 
types were listed and formulations 
straight phenolics, epoxy 
were discussed. Slides were presented 
well results tests conducted, 

Oxford, Jr., Sun Oil Co. gen- 
eral arrangements chairman 
1956 South Central Region Meeting 
scheduled Beaumont announced meet- 
ing dates October 3-5. 
prepare for the meeting will ap- 
pointed later. 


NACE MEETINGS 


Southern New England Section. 
Topic announced. 

Niagara Frontier Section, Will 
cover plastics field. 

Pittsburgh Section. William Ru- 

ano, attorney-at-law, will speak 
Highlights Patents and Trade- 
Marks. 
Chicago Section. Two movies, 
“Must Rust?” Hot Dip Gal- 
vanizers Assn. and “The Big Cross- 
ing” pipe line crossing Straits 
Mackinac are scheduled. 

Genessee Valley Section. Annual 
meeting and election officers. 


May 

Niagara Frontier. Annual business 
meeting and election officers, 

the Chemical Industry Dr. 
Gleekman, Wyandotte Chemical 
Corp., Mellon Institute, Pittsburgh. 
Metropolitan New York. Regional 
Hotel Statler, St. Eighth Ave, 
New York City, am. 
Kanawha Valley. Topic an- 
nounced. Huntington, Va. 
Philadelphia. Topic announced. 
Poor Richard Club, 
Dinner: 6:30 pm; meeting, pm. 
21—Lehigh Valley, Plant visita- 

Chicago Section. Annual Corrosion 
Roundtable. 

Greater Boston Section. Hotel Bea- 
consfield, Brookline, Mass. 


AIChE Meeting Held 


Design and Development 
White, Chempump Corp., Philadelphia 
was included among general 
sented during Technical Session No. 
held during the American 
Chemical Engineers’ Louisville 
meeting scheduled March 
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You can see why 


SARAN LINED PIPE 


GIVES LONG, TROUBLE-FREE SERVICE 


It’s made corrosion-resistant saran pipe swaged into steel for extra rigidity and 
strength cuts downtime losses conveying corrosive liquids. 


Now you can convey chemicals and many other corrosive 
liquids without worrying about costly shutdowns due 
corrosion. For saran lined pipe, fittings and valves are 
corrosion-resistant form snug, leakproof joints 
burst under pressure. 


They’re easily and inexpensively installed because they 
can cut and threaded the field with any standard 
pipe tools. Their rigidity means that few supporting 
members are needed. 


Beaver Cutter cuts away the end the steel pipe 
that the saran lining extended. This 
assures tight seal after flange applied and 
with another flange. 


Saran Lined Pipe is Manufactured 
The Dow Chemical Company, Midland, Michigan 


Saran Lined Pipe Can Fabricated Right the Field! 


ratchet type thread cutter makes the standard 
threads after the Beaver Cutter has been used. 
flange then attached and the saran liner filed 
its ends are flush with the flange. 


Saran lined pipe, fittings and valves have proved record 
industry bringing long trouble-free service. your 
operation requires superior resistance most chemicals 
and solvents, sure investigate saran lined pipe. 


Contact the Saran Lined Pipe Company, Department 
SP527D, 2415 Burdette Avenue, Ferndale 20, Michigan. 


RELATED SARAN rubber tank 
lining Saran rubber molding stock Saran tubing and 
fittings Saran pipe and fittings. 


half gasket used each flange whole one 
can used one the flanges. Then the flanges 
are joined. The resulting joint snug, completely 
airtight and leakproof. 
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Committee Meetings Highlight Chicago Sessions 


NEW ASSOCIATION OFFICERS: left, Frank Whitney, Jr., 


Monsanto Chemical Company, St. 


Louis, president; right, Fair, Jr., Koppers Co., Inc., Tar Products Div., Westfield, 


NACE BOARD DIRECTORS its meeting Sunday, March preceding the opening the 
Eleventh Annual Conference Chicago’s Palmer House. 


PUBLICATION COMMITTEE members March meeting Chicago were: (Back camera) 
May, The International Nickel Co., Inc., New York, incoming chairman; left right, 
Hoxeng, Steel Corp. laboratories, Pittsburgh; Norman Hackerman, University Texas, Austin; 
Ivy Parker, Plantation Pipe Line Co., Atlanta, Ga.; Misch, Argonne National Laboratory, 


Lemont, Aaron Wachter, Shell Development Company, Emeryville, Cal.; 


Arthur Tracy, Ameri- 


can Brass Co., Waterbury, Conn. and John Loeffler, Thornhill-Craver Co., Houston. Also present 
but concealed behind Mr. Loeffler were Ryznar, National Aluminate Co., Chicago, Arvil 
McKee, Aluminum Research Laboratories, New Kensington, Pa., present representing Brown 


the same firm and 


Campbell. 


Groundwork Started 
12th Conference 
New York 1956 


Meetings technical 
highlighted the NACE Annual 
Conference and Exhibition Chicago 
March 7-11. The usual varied program 
technical papers was given also and 
the exhibitoin included many 
ranged 

preliminary: count, registration 
was 1632, somewhat more than the pre- 
dicted attendance. 

Early work the New York 12th 
Annual Meeting was reported sev- 
eral officials appointed for this event. 
President Whitney named the following: 

Association, New York, General Confer- 
ence Chairman. 

Clark Bailey, Johns-Manville Co., 
hibits Chairman, 

Friend, International Nickel 
Co., Inc., New York technical program 
cated his plans include the same sym- 
posia were presented the Chicago 
1955 meeting plus the addition one 
more symposia plastic materials, 
metallurgy instrumentation. 

was tentatively agreed the board 
that emphasis placed the interna- 
tional character the New York meet- 
ing designating the “International 
Corrosion Conference” and that would 
helpful call the exhibition 
Corrosion Show.” suggestions 
were advanced Mr. Roll. 

Mr. Roll’s plans call for encouraging 
the attendance persons from 
and South America. 

Consideration will given holding 
the exhibition open for one night dur- 
ing the meeting. 


Exhibits Exert Strong 
Attraction Meeting 


Exhibits that were strong incentive 
skip the important technical sessions 
were presented firms the Elev- 
enth Annual Conference. The exh ibition 
occupied the whole the Palmer 
House’s Exhibition Hall and portion 
the foyer off the fourth floor registration 
desk, Exhibitors reported the interest 
registrants was high the numerous 
new products and developments pre sented. 

The exhibitors also honored the 
trants with the traditional Fellowship 
Hour, which was attended than 
thousand lighthearted guests. 


1959 Conference Set 


The 1959 Fifteenth Annual 
and Exhibition the National 
tion Corrosion Engineers will held 
the Sherman Hotel, This 
decision was reached the 
Chicago. 

The 1956 meeting will New 
1957 St. Louis and 1958 San 
Francisco. 
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THEY KNOW HOW pays 


How did the new pulp and paper plant 
Bowaters Southern Paper Corpora- 
tion, Calhoun, Tenn., make sure min- 
imum maintenance for bleach washers 
and other equipment? 

They used coatings based 
Brand Vinyl Resins. 

The reason well known. Wherever 
you find severe service conditions due 
chemicals, gases, abrasion and other 
normally destructive agents, coatings 
made with BAKELITE Resins have dem- 
onstrated excellent durability 
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specify coatings with BAKELITE Resins 


equipment 
gets corrosion protection 


Coatings tor bleach washers were made from BAKELITE 
Resins Socony Paint Products Company, Metuchen, 


tended service with minimum mainte- 


nance that means greater economy. 

per plants re- 
quire just that BASED 
kind coating service. You’re still 
money ahead when you specify coat- 
ings based Resins, even BAKELITE 
when conditions aren’t severe. Why 

Ran 


names suppliers and free copy 
our booklet Resin Coatings 


for Industry.” Write Dept. GN-69. 


4 


BAKELITE COMPANY, Division Union Carbide and Carbon Corporation East 42nd Street, New York 17, 


The term and the Trefoil Symbol are registered trade-marks UCC 
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Protection You Buy 


TIME-TESTED Like 


Quality 
Coal Tar Coating 


There one dependable 
yardstick for measuring 
the quality protective 
material: How does 
stand over years 
service? 

You don’t have ex- 
periment when you 
specify TAPECOAT. 
quality coal tar coating, 
and coal tar nature’s 
own defense against cor- 
rosion. 

Since 1941, when 
was introduced the 
first protective coating 
handy tape form, 
TAPECOAT has proved its 
ability keep vulner- 
able steel surfaces 
new’’ condition 
year after year. That’s 
those who know that 
continuing protection 
the first considera- 
tion. 

For years, TAPE- 
coaT has provided de- 
pendable protection 
pipe, pipe joints, tanks, 
etc., above ground and 
under ground. 

TAPECOAT comes 
handy rolls widths 
from 24”. It’s easy 
apply and the coal tar 
provides both bond and 
protection the same 
time. 


Write for brochure and 
recommendations your 
corrosion problem. 


The 


TAPECOAT 
Company 
Originators of Coal Tar 
Tape Protection 


1521 Lyons Street Evanston, 


MUNGER 


STEWART 


Five New Directors Join 
Board Chicago Meeting 


Five new directors took office during 
the NACE 11th Annual Conference 
Chicago, March 7-11. They are: Robert 
Kerr, Los Angeles, representing 
Western Region; Munger, West 
Gate, Cal., representing corporate mem- 
bers; Murrey, Tulsa, Okla., repre- 
senting active members; Robert 
Pierce, Philadelphia, representing corpo- 
rate members and Stewart, Beau- 
Texas representing active mem- 

ers. 

Mr. Kerr with Southern California 
Gas Co., Mr. Munger with Amercoat 
Corp., Mr. Murrey, Midwestern Engine 
and Equipment Co., Mr. Pierce with 
Pennsylvania Salt Manufacturing Co. 
and Mr. Stewart with Sun Pipe Line Co. 

Mr. Murrey fills the unexpired term 
Fair, Jr., elected the vice- 
presidency. 


Full Program Held 
For Ladies Meeting 


Attendance the Don McNeill Break- 
fast Club radio show, fashion shows and 
sightseeing tours featured the ladies’ pro- 
gram during the Eleventh Annual Con- 
ference Chicago. Included also were 
informal brunch, two luncheons and 
the annual Fellowship Hour 
quet. 


Back issues Corrosion for 1954 and 
many issues prior years are available. 


PIERCE 


Issuing Certificates 
Past Chairmen 
Approved Board 


Certificates will made for 
purchase sections and regions for 
awarding past chairmen, was de- 
NACE board directors May 
Chicago. The board met the pre- 
ceding the opening the An- 
nual Conference and Exhibition The 
Palmer House. 

Certificates membership also will 
available for purchase members, 
the board decided. also was agreed 
that specially designated 
card would given annually corpo- 
rate member representatives. 

Other decisions the session in- 
cluded: 

Technical committees will encour- 
aged suggest research projects which 
may called the attention founda- 
tions making grants aid, 

expenditures over year old will 
reimbursed sections. 

Regions and sections must make financial 
reports annually the executive secretary 
before March funds received from the 
association. 

Active membership will 
require signatures two sponsors. 

Specific items information will 
requested persons applying for mem- 
bership the association. 

new schedule prices was set 
for the sale multiple copies 
raphies Corrosion. 

Decisions made the board its 
meeting Friday, March included: 

new policy publication NACE 
material was adopted. 

The executive committee will 
Messrs. Brannon, Fair, Best 
and Whitney. 

The 1955 NACE Yearbook will 
distributed free members. 

The board authorized 
policy whereby copies their articles 
will sent authors technical pa- 
pers the technical section, 


consist 


Payment 1955 Membership Dues 
order avoid interrupted mail and missed copies CORROSION NACE 
members who have not done already are urged remit their 1955 MEMBER- 
SHIP DUES before March 31. Association by-laws require that the names 
those whose dues are not received March dropped from the 


ship mailing list. 
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the Newest 


this 20-page 
Dispersions Manual 


Learn how you can get the advan- 
tages KEL-F fluorocarbon plas- 
tic: corrosion and heat resistance, 
anti-adhesion, abrasive resistance, 


excellent electrical properties, 


moisture resistance 


dispersion coating, 


for application 


trademark of The M. W. Kellogg Company’s fluorocarbon polymers 


KELLOGG 


THE KELLOGG COMPANY 
Chemical Manufacturing Division 


Please send copy the new Kellogg Manual, 
“Application Techniques for KEL-F® Fluorocarbon Poly- 
mer 

Name 

Title 

Company 

Address 


City State 


intefested Dispersion Coating Applications for: 


trailer tanks 

storage tanks 

pipe lines 

pumps 

mixers 

valves 

flowmeters 

reactors 

shipping containers 
waste 
agitators 


Other applications (please list) 


e 
e 
a 


a 

e 
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calendering rolls 

forming dies 

guide rolls 

mattress molds 

tire molds 

ribbon blenders 

cone blenders 

hoppers 

casting molds 

coated glass tape 
miniaturized stators 
distribution transformers 
miniaturized relays 


for 
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SOME THE SOCIAL EVENTS during the Chicago Conference: Upper left, Olson, 

United Gas Pipe Line Co., Shreveport, and Mrs. Olson with her back the camera; upper right, 

Irwin Dietze, City Los Angeles; Mrs. Aaron Wachter; Frank Davie, Shell Oil Co., 

Angeles; Aaron Wachter, Shell Development Co., Emeryville, Cal., back camera; lower left, 

Larrabee, United States Steel Corp., Vandergrift, Pa.; Uhlig, Massachusetts Institute 

Technology, Cambridge; Dalrymple, Reynolds Metals Co., Louisville, Ky.; lower right, 
group ladies the ladies’ parlor. 


Classified Industrial 
Directory Work Started 


Work has begun earnest classi- 
fied industrial directory published 
with and included the 1956 NACE 
Yearbook. This was reported the pub- 
lication committee during its meetings 
May and Chicago during the 
Eleventh Annual Conference Chicago. 
Among the items discussed were: 

The 1955 NACE Yearbook probably 
will issued June. recommenda- 
tion was made that the mailing ad- 
dresses members incorporated 
the alphabetical list and that names only 
published the geographical list. 

The Publication Committee has 
objections the inclusion color ad- 
vertising pages Corrosion they ap- 
pear preceding the inside front cover. 

Existing policy free positions avail- 
able advertising companies restricts 
them two consecutive insertions per 
year for employees only. 

was recommended that proposal 
for periodical advertising prepared 
for presentation support request 
for appropriation the budget for 
1956. 

Membership NACE will 
vassed determine need for issuing 
10-year index Corrosion technical lit- 
erature. 

Requests that NACE prepare and 
publish manual cathodic protection 


and primer corrosion for use 
field men were referred the Technical 
Practices Committee for consideration. 

Corrosion Abstract Cards issued dur- 
ing the years 1952 and will re- 
printed supply the demand for back 
issues. 

Members the Publication Commit- 
tee and others the association will 
sent questionnaire asking for ideas 
long range policies pertaining NACE 
publications. 


Robert Lad Receives 
1954 Junior Author Award 


Robert Lad, head Chemistry 
Materials Section, Lewis Flight Pro- 
pulsion Laboratory, National Advisory 
Committee for Aeronautics was selected 
receive the National Association 
Corrosion Engineers Junior Award for 
1954. was presented during the 1955 
NACE 11th Annual Conference and Ex- 
hibition the Palmer House Chi- 
cago, March 7-11. 

Selection was made because paper 
Dr. Lad and Dr, Sidney Simon, 
chief Physics Solids Branch, Lewis 
Flight Propulsion Laboratory, titled 
Study Corrosion and Mass Transfer 
Nickel Molten Sodium Hydroxide” 
was judged the most meritorious 


those published CORROSION 


during 1954 author under years 
age. 

Dr. Lad has physical chem- 
istry and PhD inorganic chemistry 
from the University Chicago. His ex- 
perience includes research boron hy- 
dride chemistry, gas adsorption, mass 
spectrometry and hydrocarbon combus- 
tion. For the past four years has 
been working solid state physics and 
mechanism mass transfer and cor- 
rosion molten salts and hydroxides. 

Recipients the award are chosen 
the NACE Junior Awards Committee 
which Norman Hackerman, professor 
chemistry, University Texas chair- 


Regional Management 
Committee Has New Head 


Van Nouhuys, 
with 
Pipe Line Co., Atlan- 
has been named 
chairman the Re- 
gional Management 
ing Baldwin, 
Johns-Manville Sales 
New York. 
Mr. Baldwin, who 
has served many 
years the board 
and chairman 
this committee, had 
been prevailed upon 
1954 hold the 
other year. 


VAN NOUHUYS 


More than 50,000 copies ints 

technical material published 
sion during 1954 have been mace. 
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PROOF! 


Costs Less Apply Polyken Tape 
with Motor-Driven Equipment 


Note takes only men, including foreman, 
apply Polyken Tape with the motor-driven 
equipment. This means major saving labor 
and installation cost compared many other 
types coating. Polyken tape coatings control 
corrosion more efficiently and with less work. 


Engineering Service Your 
Tape Job With Obligation 


Feel free call for complete information 
the money-saving possibilities applying 
Polyken tape your pipe. 

Hand Power Driven 


TAPESTERS 
for Sale Rent 


2005 WAYSIDE 
Building BELLE CHASSE, LA. 


2651 
HOUSTON, TEXAS Forest 15081 
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POSITIONS WANTED 
and 
AVAILABLE 


®@ Active and Junior NACE members may run 
without charge two consecutive advertise- 
ments annually under this heading, not 


over 35 words set in 8 point text type. 
Firms seeking employees, regardless of 
NACE membership, may run an advertise- 
ment of the same specifications in- 
definitely. 

Advertisements to other specifications will 
be charged for at standard rates. 


Positions Available 


Corrosion Engineers. Positions available 
for graduate electrical engineers 
equal. Previous field and design ex- 
perience corrosion mitigation systems 
required. Extensive travel involved. 
Salary open. The Hinchman Corp., En- 
gineers, Francis Palms Bldg., Detroit 
Mich. 


Sales Representatives for DEL Protec- 
tive Coatings. Protected territories avail- 
able qualified individuals com- 
panies. objection carrying non- 
competitive lines. Write David Long 
Corp., 220 East 42nd New York 


Corrosion Engineer Chemist—Re- 
search inhibitors for varied industrial 
corrosion problems. Modern air-conditioned 
laboratories. Unusual employee benefits 
including bonus, profit-sharing, insur- 
ance and pension, Send resume’ Lab- 
oratory Manager, National Aluminate 
Corporation, 6216 West 66th Place, 
Chicago 38, 


Positions Wanted 


Process Engineer—Age 32. Experience 
control, testing new finishing processes. 
Investigation air craft corrosion prob- 
lems. Laid out new finishing department. 
Interested position with responsibility 
chemical process engineering, allied 
Send for resume. CORROSION, Box 


55-6. 


ADMINISTRATIVE CORROSION ENGINEER 
9-year progress record with present employer 
covering laboratory evaluation, report- 
ing, sa'es-service, present position manager 
manufacturing p'ant. Above related phos- 
phate coatings and finishes primarily, however 
interest prevention corrosion any field. 
Interested challenging ability and 
financially rewarding, potentially so. COR- 
ROSION, 55-9. 


Metallurgical Engineer—BS degree, age 
32, family. Ten years diversified experi- 
ence material specification, metals fin- 
ishing, heat treating, corrosion. Now 
employed. Seeking permanent position 
with progressive northern California or- 
ganization, Excellent references. COR- 
ROSION, Box 55-10. 


Chemical Engineer Professional licen- 
see for really responsible position. Six 
years staff consultant maintenance, 
production, purchasing personnel all 
phases materials construction multi- 
plant chemical company. Two years pilot 
plant supervision organic process devel- 
opment. CORROSION, Box 55-11. 


President Wachter Summarizes Progress 


Association During His Administration 


Aaron Wachter 


customary the annual business 
meeting the association for your pres- 
ident review major events and report 
progress during his year office. 
Also, this meeting, reports other 
officers and heads staff committees 
give you more comprehensively and co- 
herently the story our progress within 
their departments. the risk some 
degree repetition, shall mention 
some items that they will cover more 
fully. addition, shall make some 
remarks bearing our immediate and 
long range future. 


happy report that the Na- 
tional Association Corrosion Engi- 
neers has continued grow, improve 
and progress. Pride our accom- 
plishments can taken all you, 
because credit for them goes all levels 
tinue work together toward fulfill- 
ment the high aims the NACE, 
our future bright and our prospects 
for successful accomplishment are as- 
sured. 


Gains Membership 


During this past year have made 
substantial gains membership. The 
net increase 1954 was 423 that our 
total membership good standing 
January 1955, was 4900. Although 
this increase may appear some- 
what smaller than previous years, 
actually, the number that joined our as- 
sociation was the same magnitude 
previous years but was offset res- 
ignations and dropping substantial 
number delinquent members. There 
indication, yet, that are ap- 
proaching limit membership size. 

one very important membership 
category, namely, corporate member- 
ships, have made disturbingly poor 
progress. The net gain such members 
during the past year was only giving 
total 389 corporate members 
January 1955. The previous year our 
net gain was and the year before 24. 
So, you see, are now just barely 
holding our own. This small net increase 
does not mean that only companies 
joined new corporate members, Ac- 
tually, new memberships were taken, 
but corporate members resigned. This 
points the dual character our 
problem which is, not only obtain 
additional corporate members, but also 
retain those that have. 


You might wonder why this should 
the association. The answer very 
simple. need and, fact, must have 
the financial support that such member- 
ships bring us. shall enlarge some- 
what this little later. addition, 
port from industry for our aims and 
activities. Since our objectives and ac- 
tivities are directed toward the benefit 
industry, you would inclined 
think that would easy convince 
companies become corporate mem- 
bers. This true, but experience has 
shown that the contact most effective 
the local, that is, the sectional level. 
Some local sections have acted vigor- 
ously this regard and have obtained 
excellent results. Unfortunately, not 
enough our local sections fully realize 


the importance and need for their 
ity this direction. 


Sections Increase 

Growth our association shown 
further the increase number 
sections during the year. January 
1954, our regions had total 
tions. During 1954, new sections were 
added, giving total sections 
More new sections are now being 
formed. This gratifying progress 
importance our organization. Good 
tions bound mean strong, suc- 
cessful national organization. 

Several regional conferences were held 
during the year. These regional confer- 
ences are useful and important many 
respects. They provide and 
often convenient opportunity 
member participate the 
fying note the increase meetings 
our technical committees regional 
conferences. For example, 
meetings were held during the confer- 
ence the South Central Region last 
fall. obvious that increased partici- 
pation technical committee activities 
will result from the opportunity at- 
tend committee meetings 
parts the country. 


Financial Status Sound 

Review of. our financial status shows 
that our condition sound, but that 
are far from being wealthy. 
tures continue most 
carefully that are able put 
aside little each year 
against possible “rainy” days the fu- 
ture. Our total expenditures for 
came just about quarter million 
dollars. The dues paid active mem- 
bers contribute actually only small 
part toward expenses the association. 
The total costs our services amount 
about $51 per member. large 
degree have depend upon corpo- 
rate memberships support our activi- 
ties and services, The annual dues for 
such memberships are $100 per year. 
Insufficient gains corporate member- 
ships relation increased active 
memberships has made necessary 
increase annual dues active members 
from $7.50 $10 starting this year. 
Your board directors did this with 
great reluctance; they had other 


Technical Committees Active 

most happy report outstand- 
ing progress our technical 
tees. This major activity the 
NACE which confidently expect will 
most important source strength 
the association and service the 
membership. The new organization 
our Technical Practices Committee has 
been operation for year. gives 
every appearance being sound basis 
for future progress and development. 
have now some technica! com- 
and there plenty room for addi- 
tional committees since have 
ganizational structure accommodate 
them, The membership com- 
mittees now totals about 830, Since 
June 1954, there were about addi- 


(Continued Page 82) 
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Few Typical Applications 


Hydrocarbon service 


Air conditioners, heat exchangers 


and other circulating water systems 


drums, barrels cans 


Metal parts process storage 


SOLVAY PROCESS DIVISION 


ALLIED CHEMICAL DYE CORPORATION 
61 Broadway, New York 6, N. Y. 

BRANCH SALES OFFICES: 

Boston + Charlotte + Chicago + Cincinnati - Cleveland 

Detroit + Houston New Orleans New York 

Philadelphia Pittsburgh St. Louis Syracuse 
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THIS NEW 


Tells How 


CONTROL PREVENT 

RUST CORROSION 
SOLVAY 

SODIUM NITRITE 


and 
Sodium Nitrite Mixtures 


SOLVAY Sodium Nitrite provides low-cost, safe and easy- 
to-use means protecting many metals from rust and corrosion, 
primarily iron and steel. Dilutions low 1/10th will 
make water solutions non-corrosive; and spray dip 
solutions will produce protective films metal surfaces. When 
combined with materials such phosphates caustic soda, 
sodium nitrite’s protective action can extended obtained 
during cleaning, neutralizing similar operations. 

This new booklet contains detailed information how 
SOLVAY Sodium Nitrite prevents rust and corrosion, and how 
its protective action can utilized, either alone combina- 
tion with other materials. also contains extensive bibliog- 
raphy covering published papers the use sodium nitrite 
and nitrite compounds for corrosion prevention. 

For your free copy, fill out and mail the coupon today. There 

“In Western Hemisphere Countries. 


GET THE FACTS—MAIL COUPON NOW! 


SOLVAY PROCESS DIVISION 
Allied Chemical Dye Corporation 
61 Broadway, New York 6, N. Y. 


Gentlemen: Please send without cost 


Your new book “SODIUM NITRITE for Rust and Corrosion 
Prevention” 


Sample SOLVAY Sodium Nitrite 


Name 


Title 
Address 


py-4 
Soda Ash Snowflake® Crystals Potassium Carbonate Caustic Potash 
Sodium Bicarbonate Ammonium Bicarbonate Cleaning Compounds Ammonium 
Sodium Nitrite * Chloroform * Caustic Soda * Monochlorobenzene + Para-dichlorobenzene 
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1954 
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tions their rosters. Committee activi- 
ties and output are increasing; for ex- 
ample, committee reports were com- 
pleted 1954 and more are coming 
along. small part this satisfying 
progress has been aided assignment 
member our Central Office staff 
full-time duty secretary our 
Technical Practices Committee. Among 
other things, responsible for the 
highly informative News Section the 
Technical Committees which appears 
now each issue CORROSION. 
This Conference and Exhibition 
Chicago our eleventh national meet- 
ing. the major annual event the 
week program important papers 
wide diversity corrosion subjects. 
have fine exhibition materials 
and services for prevention corrosion. 
committee meetings scheduled. have 
multitude opportunities for social, 
technical and business meetings for 
those attending from all parts this 
country and Canada and even from far 
places overseas, want take this op- 
portunity express our very sincere 
appreciation for the hard work and 
splendid job done the General Con- 
ference Committee, Bill Ewing, Hal 


CORROSION 


cathodic protection service 


Eighteen cathodic protection 
engineers with combined 
total over 150 years ex- 
perience available serve 
you with ABILITY and IN- 
TEGRITY. 

Houston, 4601 Stanford St. 


BRANCH OFFICES 
Tulsa * New Orleans * Corpus Christi * Denver 


CATHODIC PROTECTION 
Surveys Designs Engineering 
Pipe Lines Offshore Platforms 
Refinery and Gasoline Plant Lines 


Municipal Systems Barges 


CORROSION RECTIFYING CO. 
1506 ZORA ST. PHONE VA-7522 


HOUSTON, TEXAS 


Complete 
CATHODIC PROTECTION 


Systems service for special ap- 
plications; water tanks and pipe 


YOUR ADVERTISING 
HERE COSTS YOU 


$1.65 


PER THOUSAND 
PAID READERS 


Bilhartz, Bob Rydell and John Anthony, 
and each their committee mem- 
bers. 

this point wish report 
you the results our letter ballot elec- 
tion for national officers and directors 
that was held Frank Whit- 
ney, Jr. has been elected president; 
Fair, vice-president; Russell Bran- 
non, treasurer; Stewart, director 
representing active members; 
Pierce and Munger, directors rep- 
resenting corporate members. 

Their terms office will commence 
March 11, 1955, the last day this 
annual convention. 

addition, owing the resignation 
Pat Casey director represent- 
ing corporate members, the board di- 
rectors appointed Smith fill 
the unexpired portion Casey’s term. 
Also, the election Bill Fair vice- 
president prior completion his term 
director representing active members 
created vacancy. The board direc- 
tors has appointed Murrey fill 
this vacancy. 

Finally, your President 
past past year, have been impressed 
the load work and responsibility 
this position entails. Largely because 
are developing and progressing, the job 
far from being automatic and routine. 
For this reson, certainly has been 
stimulating. The energetic and conscien- 


Tracy Takes Over 
Editorial Review Chairman 


Tracy, American Brass Com- 
pany, took over the chairmanship the 
NACE Editorial Review 
during the Eleventh Annual NACE 
ference Chicago March. the 
same time, Ryznar, 1954-55 chair- 
man, retired from the committee. Dr, 
Ryznar had been member and chair- 
man the committee for five years. 

was agreed that additional members 
are needed the committee 
the anticipated greater load 
scripts. Mr. Tracy expects 
add three members the 

Present for the meeting were 
Ryznar, National Aluminate Chi- 
cago; Tracy, American 
Company, Waterbury, Conn.; 
seder, Shell Development Co., 
ville, Cal.; Irwin Dietze, City 
Angeles; John Nee, Briner 
Mfg. Co., Corpus Christi, Texas 
Harwood, Office Naval 
Washington, 


tious work colleagues ACE 
administration has been 
help. fact, the credit for 
cesses goes them and yo:, the 


members NACE. 


ENGINEERING DIRECTORY 


CORROSION ENGINEERING 


SURVEYS DESIGNS SPECIFICATIONS 
Impartial Evaluation 


THE HINCHMAN 
CORPORATION 
Engineers 
Francis Palms Detroit Mich. 


Cathodic Protective Systems 
Designed and Installed 


Coating and Laying Specifications; 
Corrosion Surveys; Consultation 
All Types External Pipe Line Corrosion. 


Huddleston Engineering Co. 


Bartlesville Oklahoma 


CORROSION ENGINEERING 
Consulting Surveys 


CATHODIC PROTECTION 


Design Installation 


Plastic Engineering Sales Corp. 
Box 1037 Ft. Worth, Tex. 
5680 


Kenneth Tator Associates 
Consultants on protection of plant, structures, 
and equipment by maintenance painting. 
SURVEYS, EVALUATIONS, TRAINING, 
SPECIFICATIONS 
KTA panels, record forms and 
supplies 


2020 Montour St. AMherst 
CORAOPOLIS, PA. 4-6521 


FRANCIS RINGER 


Consulting Corrosion Engineer 


Corrosion Tests and Surveys, Cathodic Pro- 
tection Design, Supervision of Installation, 
Personnel Training. 


Hampden Ave. MOhawk 
NARBERTH (Suburb. Phila.) PENNA. 


SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 
CORROSION PROBLEMS 


Essex Bldg. Mohawk 
Pa. 4-3900 


FRANK SPELLER 


ADVISORY SERVICE 


CORROSION PROBLEMS 


6411 DARLINGTON 
PITTSBURGH 17, PA. 


WATER SERVICE LABORATORIES, 


Water treatment for corrosion 
buildings, boilers and air conditic ‘ng 
systems. 

CHEMICAL LABORATORY SERVICE: 


Consultation 
Main Offices—423 West 126 Street, 


Offices Also 
Philadelphia and Washington, D. © 


Apr 


4 
q 
q 
q 
7 
ite 
( 
q 
q 


April, 1955 REPORT THE ELEVENTH ANNUAL CONFERENCE 


Comparison the Net Driving Potential Galvomag and High Purity 
Anodes the Field 


Galvomag 


Purity (0.02 cu.) 


Pipe Soil Potential —.63 Volts 
Circuit Resistance 12.5 Ohms 


GALVOMAG, NEW HIGH POTENTIAL ANODE 


Laboratory and field tests during the past year show 
GALVOMAG will produce from 20-30% more current 
than the conventional alloy anodes presently em- 
ployed. GALVOMAG ANODES will the job previ- 
ously requiring 


Price Same High Purity Available from Houston Stock 


OFFICES LOCATED 


FIRST LINE HOUSTON 


Houston Texas 

merican Zinc Anodes 

Graphite Phone JA-5171 
ood- ectifiers 

Scotchrap Tape Coatings TULSA 


Betzel Tapesters 314 Thompson Building 


E Cc M ulsa, a. 


Detectron Pipe Locators 
Wahlquist Pipe Locators NEW ORLEANS 


CPS Graphite. Anode Backfill 


Agra and CPS Meters 
Rubicon Potentiometers New Branch Office 


7 Associated Research Resistivity Meters 


Rome Direct-Burial Cable 1522 So. Staples 
Ditch-Witch Trenchers Phone 3-7264 
DENVER 
Everything the cathodic protection field (Golden) Box 291 


from insulating washer turnkey contract Phone 641 
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NACE Membership Growth 


@ e 
Association Had Moderately Successful 
Financial Year, Treasurer Tells Members 
NACE had moderately providing services members. This 
year finance matters during 1954. should non-profit organiza- 
While some goals membership Based the year end figure 
income set the budget, were 4900 members, NACE collected and dis- 
not reached, some expenses were about $50 for the benefit each 
than budget provisions. member. 
The number members which NACE Any organization whether op- 


has important its treasury for profit not, should have 
membership dues are important more income than expense. Since 1946 


source Figure shows that NACE has accomplished this through 
growth active membership has the efforts many individuals who 

quite satisfactory. Growth the num- increase income and others 


ber corporate members, who are worked provide much service 
important because the substantial members practicable costs 
nancial support they provide through budget provisions. The cumula- 
their annual dues one hundred excess revenue over expenses 
each, was not satisfactory. grati- called Association Equity and was 
fying, however, that such large $122,122.97, December 31, 1954. This 
ber companies and largely the form ‘of available 
recognize the value NACE them invested savings association 


and continue their memberships. shares all guaranteed the Federal 

Income from three principal sources, Deposit Insurance Corporation and 
conference, regular business and publica- issued the Treasury 
1946 through 1954 with budget provi- Government. 
sions for 1955. Income from each source Table shows NACE tto good Funds 
during 1954 was less than budget provi- condition, Most assets could 
sions but the increase was keeping converted into cash short time and 
with increases during previous years and the principal obligations, represented 
corresponded closely with increase received advance and revenue 
membership. preparing budget esti- deferred, are that continue its 
was made realistic rather than op- 
timistic. The moderate increases which Abstract Committee 
have been provided should not deter 
anyone from going all out increase meeting the Abstract Subcom- 
membership sell advertising and mittee March the Palmer House, 


exhibit space. The substantial increase Chicago, the following 
results from the increase these dues man Hackerman, Misch and Miss 
from $7.50 $10. Agnes Humphrey. 


Table 1—Balance Sheets December 31, 1954 and December 31, 1953, Compared 


| | 
| December | Decemher | Increase December | December Ronee Increase 
31,1954 | 31,1953 | (Decrease) 31, 1954 31, 1953 (Decrease) 
Accounts Receivable | | Federal Old Age Benefit Taxes.... 133.04 109.66 | 23.38 
Members—Corporate. ented 600.00 | ( 200.00) Federal Income Tax Withheld z 
Advertiging. 3,996.61 996.02 1,100.28 1,108.80 f 
241.84 ( 543.01) Accrued Advertising Commissions 12.00 37.50 
Government Securities....... 35,000.00 | 90,000.00 |( 55,000.00) Amounts Received in Advance 
Inventories of Technical Litera- Dues of Active Members, Appli- — 
ture and Abstract Cards....... | f 9,460.65 cable to Subsequent Years..... $ 15,786.25 | $ 10,570.50 | $5,215.75 
Interest and Dividends Receivable} 312.15 Dues of Corporate Members, Ap- 
Postage Deposit................ 160.43 plicable Subsequent Years. 8,600.00 8,600.00 
|- | -| Exhibitors’ Space Rentals at 1955 
Total Current Assets........ | $ $134,593. 30 ($38, ‘8 54. 68) and 1954 Conferences......... 7,145.50 9,053.00 |( 1,907.50) 
| Magazine Subscriptions.......... 5,025.75 4,291.75 734.00 
Investments | | 
Shares in Savings Associations... .| $ 68,000.00 | $ $68,000.00 Total Amounts Received in aes 
Special Funds Revenue Deferred 
TP-IG Research Fund Dues—Corporate 8,229.33 8,870.88 |($ 
eS Se $ 4,098.56 | $ 8,098.56 |($ 4,000.00) Subscriptions to Magazine as 
Educational Funds 3,067.33 2,825.25 2.12.08 
Total Special Funds........ 5,533.70 9,542.12 |($ 4,008.42) Total Revenue Deferred..... 14,896.66 14,296.13 
Contributions for Research and 
Fixed Assets—At Cost | Educational Purposes ; 
Less Reserve for Depreciation. . . .| 7,379.72 5,912.74 1,466.98 1,435.14 1,443.56 |( 5.42) 
Fixed Assets, Less Deprecia- Total Contributions for Re- 
7.04801 $ 6105.55 667.64) search and Educational 
—|— $ 5,533.70 | $ 9,542.12 |($ 4,005.44) 
Deferred Expenses | 
Expenses incurred December Association Equity—Exhibit $122,122.97 $107,492.87 
31, 1954, Applicable to Confer- 
ence of Subsequent Year....... by 3,702.27 | $ _4 643.64 |($ 941.37) TOTAL LIABILITIES 
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Detecting “holidays” the task 
this electrical inspection apparatus. 
the new 56-inch Bull Run water 
for Portland, Ore., less than 
one holiday for every 100’ pipe 
was almost perfect job. 


The thorough inspection assures 
that any holiday caught and cor- 
rected and that every inch the 
Pipeline completely protected 
Barrett pipeline coatings. Nine thou- 
sand gallons Barrett waterworks 
primer, 2300 tons Barrett water- 
works enamel and 2,300,000 sq. ft. 
Barrett tarred asbestos felt protect 


AWWA Convention 


Chicago, June to17 


REPORT THE ELEVENTH ANNUAL CONFERENCE 


Electrical 


the Portland pipeline inside and out. 
Barrett Waterworks Enamel easy 

apply and provides long-lasting 

protection for costly pipes. This supe- 

rior coating the highest quality 

and meets all A.W.W.A. standards. 

assure longer service for your pipe, 

minimum cost, specify Barrett. 

Here are ten definite advantages 

Barrett Waterworks Enamel: 

Rigid quality control 

Prevents tuberculation and incrus- 
tation interior pipe surfaces 

Effectively protects external pipe 
surfaces from corrosion 


High dielectric properties 

Impermeable moisture, non-ab- 
sorptive, non-porous 

High ductility and flexibility, high 
resistance soil stresses 

Unusual tenacity 
Effective under all kinds 
matic conditions and topography. 

Prompt service 

Wide availability 


BARRETT DIVISION, Allied Chemical 
DyeCorp., Rector St., New York 


pany, Ltd.,5551 St. Hubert St., Montreal ea, 


BARRETT PROTECTIVE COATINGS 


OVER 100 YEARS OF EXPERIENCE 
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CORROSION COSTLY 
control CALGON* 


You can beat the high cost corrosion 
cooling and process water systems put- 
ting work for you. Calgon Engi- 
neering Service draws many years 
experience with water problems all types 
work out solution that fits your par- 
ticular requirements. 

all cases, consideration given the 
entire system, from cooling towers 
through. For example, CALGON composi- 
tion which patented complex sodium- 
zinc phosphate glass with accelerated film- 
forming ability, may used for faster and 


more complete protection iron and steel 
surfaces. the case copper copper 
alloys, the Calgon engineer may recommend 
CORAID, specific corrosion inhibitor for 
these metals, which effective both high 
and low values. 

phone call letter Calgon will bring 
full details how Calgon Engineering 
Service can help you. 


*Fully licensed for use under U.S. Patent 2,337,856. 
the Registered Trade Mark Calgon, Inc., for 
its sodium phosphate glass (sodium hexametaphosphate) 
products. 


CALGON, inc. 


SUBSIDIARY HAGAN CORPORATION 
HAGAN BUILDING, PITTSBURGH 30, PA. 
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Technical Committee 


Corrosion Hydrofluoric Acid Probed 


Corrosion hydrofluoric acid will 
new task group formed 


under Unit Committee T-5A. 
Phillips Company, 
Energy Division, Idaho Falls, 
the chairman the new task 
The new group, designated 
held its first meeting during the 
Chicago. 


Four areas attack were proposed 


the meeting. Problems related 
and phosphates will 
under Teeple the Inter- 
Nickel Company. alkyla- 
tion high octane gas 
will studied under Bennett, 
-Vacuum Oil Company. Manufac- 
turer and storage and shipping 
pure including safety devices will 
studied under Pierce, Penn- 
Salt Manufacturing Company. 


Aqueous solutions and chemical proc- 
esses will studied under Groves, 
group will study other problems relating 
members. 


Committee Offshore 
Structures Organized 


new committee study Corrosion 
Oil and Gas Well Producing Equip- 
ment Offshore Installations was ap- 
proved T-1 the committee’s meet- 
ing Chicago. Dial, Jr. the 
Pure Oil Company, Houston, was ap- 
pointed chairman the new Unit Com- 
mittee designated T-1M. meeting 
this new unit committee was held 
February Houston, where twenty- 
five members attended. 

scope the committee fol- 
lows: This committee interested 
the specific problem corrosion 
equipment and installations used off- 
shore drilling and producing. should 
endeavor assemble and compile infor- 
mation the various materials and 
techniques being used control this 
corrosion, should evaluate these ma- 
terials and techniques and make such 
available all members 
concerned with this 


Larson Heads Domestic 
Water Analysis Committee 


Larson, Illinois State Water 
the newly elected chairman 
Committee T-4E, “Analysis 


Domestic Waters.” Mr. Larson plans 
study the past work done the com- 
mittee with the consideration chang- 
ing the name the committee and pos- 
sibly broadening its scope. 


New Chairman T-1 


Oxford, Sun Oil Company, 
Beaumont, Texas has been appointed 
chairman NACE Technical Group 
Committee Corrosion Oil and 
Gas Well Equipment, Oxford suc- 
ceeds Greco, United Gas Corpora- 
tion, Shreveport, La. who served 
chairman T-1 the past year. 

Operating under T-1 are ten unit com- 
mittees including new committee au- 
thorized the Chicago The 
unit committees are studying problems 
including condensate well corrosion, 
sweet oil well corrosion, sour oil well 
corrosion, metallurgy, sulfide stress cor- 
rosion cracking, oil string casing corro- 
sion, oil field structural plastics, inhibi- 
tors for oil and gas wells and corrosion 
offshore oil and gas well installation 
structures and equipment. 

Three technical reports were com- 
pleted T-1 unit committees during 
1954. 


Pipe Coating Conductance 
Standard Revised 


Some revisions the recently pub- 
lished report T-2D Standardiza- 
tion Procedures for Measuring Pipe 
Coating Conductance were approved 
during the NACE 11th Annual Confer- 
ence Chicago. Appointment task 
group carry out detailed revisions 
the tentative standard before September, 
1955 under consideration. 

Proposed revisions include change 
the definition “leakage conduct- 
ance,” simplification derivations the 
some equations. 

Huddleston, Huddleston En- 
gineering Bartlesville, chairman, 
presided, with present. 


Specifications for Wrapping 
Materials Prepared 


Task groups have been organized 
prepare specifications for glass wrap, 
rock shield, asbestos felt and rag felt 
pipe protection T-2J Pipe Wrap- 
ping Materials. The committee believes 
identification specifications will make 
possible for the customer know what 
using. 

Clark Bailey, Johns-Manville Sales 
Corp., New York, 
over the meeting attended per- 
sons. Wade, Transcontinental 
Gas Pipe Line Corp., Houston was 
elected vice-chairman. 


High Temperature Sulfide Corrosion Group Formed 


Organization Meeting 
Set for Week May 
St. Louis Hotel 


Twenty-two members and guests at- 
attended the T-5B High Temperature 
Corrosion committee meeting held 
Chicago during the conference. One 
the most important actions during the 
meeting was the tentative organization 
sulfide corrosion high temperatures. 

Holmberg, consulting engineer 
Houston, will act temporary chair- 
man the task group. The organiza- 
tional meeting the task group will 
held the Jefferson Hotel St. Louis 
the week May 1955. Anyone inter- 
ested becoming member this task 
group may reach Mr. Holmberg 4101 
San Jacinto Street, Houston Texas. 


125 Hear Paper Sulfide 
Stress Corrosion Cracking 


paper titled “Effect Martensite 
Sulfide Stress Corrosion Cracking,” 
tional Tube Div., United States Steel 
Corp. was heard members 
Corrosion Oil and Gas Well Equip- 
ment during its March all-day meeting 
Chicago. There were 125 present. 

The committee also heard report 
cathodic protection applied successfully 
well casings and approved report 
T-1J Structural Plastics 
scheduled published soon COR- 
ROSION. 

Formation new committee, T-1M 
Corrosion Offshore Drilling and 
Production Equipment was approved. 
Chairman Dial, The Pure 
Oil Co., Houston. 


Fink Appointed Head 


T-3 General Corrosion 


Fink, Battelle Memorial Insti- 
tute, Columbus, Ohio 
pointed chairman NACE Technical 
Group Committee T-3 General Cor- 
rosion Problems. Mr. Fink served 
vice-chairman T-3 the past year and 
was appointed the expiration the 
1954-1955 term office held 
Watkins, Sinclair Research Laboratories, 
Inc., Harvey, Illinois. 

There are eight Technical Unit Com- 
mittees under T-3 studying subjects 
including corrosion inhibitors, identifica- 
tion corrosion products, annual losses 
due corrosion, instruments for meas- 
uring corrosion, corrosion the railroad 
industry, corrosion high purity water, 
cathodic protection and tanker corro- 
sion. 

Unit Committees under T-3 completed 
two technical reports during 1954 and 
sponsored one complete symposium dur- 
ing the recent conference Chicago. 
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TECHNICAL COMMITTEE MEETINGS during 

the Chicago Conference (photographs left. 

Numbers refer those lower right hand cor- 

ners each 

Meeting Technical Committee T-1 
Corrosion Oil and Gas Well Equipment. 
Greco, United Gas Corporation, 
Shreveport, Louisiana, Chairman, presiding. 

Sudrabin, Electro Rust-Proofing Corpo- 

ration, Newark, New Jersey, and 

Wainwright, University Urbana, 

Current Requirements. 

Standing, Reynolds, Pacific Gas 

Electric Company, San Francisco, California, 

vice-chairman, and seated, Schmidt, 

California Research Corporation, Richmond, 

Colifornia, chairman T-2H meeting 

Asphalt Type Pipe Coatings. 

Bender, Plastic Engineering Sales 

Company, Fort Worth, Texas, presiding 

meeting new Unit Com- 

mittee T-2K Prefrabricated Plastic Film 
for Application Pipe Lines. 

Lyle Sheppard, Shell Pipe Line Corpora- 

tion, Houston, Texas, chairman presiding 

Task Group T-3D-1 Electrical 

Holiday Inspection Coatings. 

Left, Bardwell, Chicago Eastern 

nois Railroad, Danville, chairman 

American Transportation Corp., East 

Chicago, Indiana, chairman T-3E-1 

Corrosion Railroad Tank Cars meeting 

May, International Nickel Company, 

New York, New York, chairman presiding 

organizational meeting new Unit Com- 

mittee T-3G General Cathodic Protection 

Problems. 

Svetiik, Northern Indiana Public Service 
Co., Hammond, Indiana, chairman reporting 
Electrolysis meeting T-4B Corrosion 
Cable Sheaths. Seated left, Ros- 
selle, Southern Bell Tel. Tel. Company, 
Atlanta, Georgia, vice-chairman T-4B 
and seated right, Irwin Dietze, Dept. 
Water and Power, Los Angeles, California, 
chairman T-4B and vice-chairman 
Group Committee T-4 Corrosion the 
Utilities Industry. 

George Best, Mutual Chemical Company 
America, Baltimore, Maryland, arising, 
upper left, give report the meeting 
T-4D Corrosion Deicing Salts. 
Seated table, left, Temmerman, City 
Rochester, Rochester, New York, vice- 
chairman T-4D and right, Hart, 
Illinois Bell Telephone Co., Chicago, 
chairman T-4D. 

moment relaxation during the meeting 
Unit Committee T-5D Plastic Mate- 
rials Construction. 

Left, Sline, Sline Industrial Painters, 
Houston, Texas, chairman, presiding 
meeting T-6B Protective Coatings for 
Resistance Atmospheric Corrosion, and 
Howard Dick, Products Research 
Service, Inc., New Orleans, Louisiana, vice- 
chairman T-6B. 

12. Seated, Steiner, Atlas Mineral Prod- 
ucts Company, Mertztown, Pennsylvania, 
chairman T-6R Protective Coatings 
Research, receiving some information from 
Whiteneck, Long Beach Harbor Dept., 
Long Beach, California, vice- 
Group Committee T-6 Pro- 
tective Coatings. 
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technical material pub- 
lished Corrosion are indexed annually 
December. 
Manuscripts corrosion subjects are 
accepted without invitation for review 
Prior publication Corrosion. 
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PLANTS 


Single Purpose— 


GIVE YOUR STEEL PIPE 
THE BEST POSSIBLE PROTECTION 


tube mill...en route... 
our nearest plant 


For the convenience pipe users everywhere, PLS provides 
the most modern cleaning, priming, coating, and wrapping 
service strategic locations. The plants Franklin Park, 
Glenwillard, Sparrows Point, and Monmouth Junction are 
the heart the leading pipe producing areas where PLS- 
controlled protection can applied most advantageously. 
serve the pipe producers and users the Gulf Coast and Mid- 
Continent areas, PLS facilities Longview, Corpus Christi, 
and Harvey are unsurpassed. 

Whether your pipe protected leaves the tube mills, 
route destination plant your operating area, you 
can count PLS for the finest protection location most 
convenient for your needs. 


DEPENDABLE SERVICE SINCE 1931 


Pioneers Steel Pipe Protection 
General Offices and Plant: Franklin Park, Illinois 


Plants Glenwillard, Penna.; Longview, Texas; Corpus Christi, Texas; 
Harvey, La.; Sparrows Point, Md.; and Monmouth Junction, 


IT’S 
WORTH 
PROTECTING 

IT’S WORTH 
PROTECTING 
WELL 


Why risk failure well engineered cathodic protection 
system using inferior materials 

For positive protection pipelines and other under- 
ground metal structures, use Federated Magnesium Anodes. 
Note these exclusive features: 


Patented electro-galvanized, spiral wound strip core 
completely bonded the magnesium alloy for perfect 
electrical contact. 

Full length core assures complete anode consumption. 


Silver soldered, connecting wire joints provide depend- 
able, high-strength low-resistance joints. 

Federated makes the widest selection magnesium 
anodes the field. All regular sizes and specifications 
are available, and special requirements can met. 


complete line zinc anodes also available made 
from Special High Grade low iron anode zinc. 


Corrosion Advisory Service your disposal through 
plants and sales offices. 


DIVISION AMERICAN SMELTING AND REFINING COMPANY 
120 BROADWAY, NEW YORK 
CANADA: FEDERATED METALS CANADA, LTD., TORONTO AND MONTREAL 


ALUMINUM, MAGNESIUM, BABBITTS, BRASS, BRONZE, ANODES, ZINC DUST 
DIE CASTING METALS, LEAD AND LEAD PRODUCTS, SOLDERS, TYPE METALS 


Improvements Inhibitor 


Feeding Scanned 


Specific questions Corrosion 
Sour Oil Wells was the subject the 
meeting T-1D held Chicago. Forty- 
four members and guests attended and 


Caldwell, Humble Oil Refining 
Company, chairman, presided, 


Questions discussed during the meet- 
ing included: necessary wash 
inhibitor down the tubing casing an- 
nulus with well fluids? Can field data 
found support the answer? Should 
inhibitor injected daily, semi- 
weekly, weekly, even lonver 
tervals? 

The current project the 
this meeting into new report which 
will present advances 
vention practices since the T-1D 
sour oil well corrosion 
1952. 


And Grounding Review 


“Summary General Practices Per- 
taining Bonding and 
Cable Sheaths for Corrosion 
guests T-4B the meet- 
ing Chicago. The report will cir- 
additional comments and approval for 
subsequent publication. 

Also discussed was summary 
questionnaires “Stray Current Elec- 
This summary will com- 
pleted and submitted members the 
committee for approval the near fu- 
ture. 


150 Attend Meetings 
Cathodic Protection Group 


Reports polarization graphitized 
cast iron and the location reference 
electrodes were heard 150 persons 
meeting T-2C Minimum Current 
Requirements for Cathodic Protection 
formed compile tentative minimum 
current requirements for cathodic pro- 
tection before October, 1955 

Sudrabin, Electro Rust-Proofing 
Corp., Belleville, J., chairman, pre- 
sided. 


Task Group Named 
Survey Ribbon Anode Data 


Hunter, Jr., Service Pipe Line 
Co., Tulsa has been named 
new task group T-2A 
Anodes. The group will gather 
ance data ribbon anodes. also 
tion data the performance the 
new high potential magnesium anodes 
fresh and salt water, Perform ince 
packages anodes also being 

letter ballot. 

Co., Midland, chairman, resided 
over the meeting attended 
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COOLING HOT CHLORIDES 


Because its unusual design, this 
heat exchanger has two eight 
times the heat-transfer plain bare 
pipe tubing. alloy 
gives the assembly the necessary 
corrosion resistance. The exchanger, 
which was formed from alloy 
strip, pipe, and elbows, handles hot 
chloride-bearing chemicals. 


PREPARING PROTECTION 


alloy safety valve similar the one 
being lapped here was inspected recently after 
handling 500 reliefs scalding acid vapors. 
was found that the alloy surface still had its 
original polished finish. 


alloys can help solve your corrosion 
problems, too. For further information, contact the 
nearest Haynes Stellite Company office listed below. 


“Hastelloy” registered trade-mark Union Carbide and Carbon Corporation, 


Division 
Union Carbide and Carbon Corporation 


TRADE-MARK 


General Offices and Works, Kokomo, Indiana 
alloys 


and pipe; cast pipe and pipe fittings, Los Angeles—New York—San 


sand and precision-investment castings. 
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Humble 
RUST-BANS 


will save you money 
Check this list carefully. 


Then check your own equipment; see you 
have overlooked vital spots where RUST-BANS can 
help you save maintenance costs. 

Here are typical types and uses RUST-BANS 
and other Humble Protective Coatings: 


Metal Primers: 
For priming all types vessels and structures 
For priming selected areas under highly 
corrosive conditions 
For priming galvanized iron sidings and 
roofs buildings 


Aluminum Coatings and Enamel Finishes: 
For finishing vessels and structures 


Hot Surface Coatings: 


For coating hot surfaces, like manifolds and 
exhaust stacks temperatures 1000° 


Rust Preventive Compounds: 
For preserving stock inventories items 
bin storage 
For protecting equipment extensive 
outdoor storage pipe and valves. 


Call the Sales Technical Service Division for 
expert advice your corrosion problems. 
obligation, course. 


HUMBLE OIL REFINING Box 2180 
Houston, Texas 


HUMBLE 


Ashbaugh Heads Process 


Industries Group T-5 


Ashbaugh, Carbide Carbon 
Chemicals Co., Texas City, Texas the 
new chairman NACE 
Group Committee T-5 Corrosion 
Problems the Process Industries. 
Ashbaugh succeeds Paul Gegner, Co- 
lumbia-Southern Chemical Corp., Bar- 
berton, Ohio. 

Four unit committees 
task groups are active under T-5 study- 
acetic acid, chlorine, nitric acid, high 
temperature corrosion, corrosion 
cooling waters and plastic materials 
construction, 


Heads T-4 Divisions Hold 
Luncheon Get-Together 


Utilities exchanged views and got ac- 
quainted luncheon March curing 
the NACE Eleventh Annual 
wright, University Illinois, 
chairman T-4A; Dietze, Dept. 
Water and Power, Los 
Southern Bell Telephone and 
Co., Atlanta, Ga., vice-chairman 
T-4B; Hart, Illinois Bell 
phone Co., Chicago, chairman 
Kendall, National Tube Div., U.S. 
Steel Corp., chairman T-4E; Ash- 
line, City Los Angeles, chairman 
T-4F and Kuhlman, 
Edison Y., chairman T-4. 


Reports Rubber, 
PVC, Epoxies Are Given 


Tentative reports chlorinated rub- 
ber, PVC, and Expoxies were presented 
Unit Committee T-6A the com- 
mittee’s meeting Chicago. McFar- 
land, Jr., Hills-McCanna Company, pre- 
sided the meeting, attended fifty 
members and guests. 

The tentative reports will circu- 
lated manufacturers for review and 
will revised then incorporate sug- 
gestions manufacturers for review 
committee members. the aim the 
committee publish these three reports 
the end 1955, 


Reports Performance 
Anodes; Rectifiers Readied 


report giving comparisons per- 
formance carbon, graphite and steel 
anodes will submitted for publication 
soon T-2B Anodes for Impressed 
Currents. Joint T-2B and 
trical Manufacturers’ Association com- 
mittee also has tentatively completed 
material specifications for rectifiers. 

and Telegraph Co., New York City has 
been elected new chairman T-2" 

tabular topic and alphabetical sub- 
ject index the material published 
Corrosion’s Technical Section 
lished annually the December issue. 

Authors technical material 
lished Corrosion are indexed annually 
December. 
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Numerous Corrosion Sessions Scheduled AGA 


Liquid Metal A-Power 
Evaluated 


power plant system using liquid metal 
and designated Liquid Metal 


Energy 
haven National Laboratory. Developed 
electric power, “breed” fuel for 
itself deliver by-products waste 
tanks, all continuous processes, Bab- 
cock Wilcox Co., New York City, 
and charge the study. 


AEC has authorized construction 


six reactors part its five-year 
power plan. Construction has 
begun the pressurized water reactor 
near and contracts have been 
let for sodium-graphite reactor being 
North American Aviation 
Co. Oak Ridge National 


Tennessee and Argonne 
National Laboratory near Chicago each 
will responsible for two reactors 
the plan, all completed 1960. 


Oil Spreading Rate Seen 
Key Tenacity 


Use spreading rate oil metal 
predict difficulty removal an- 
nounced American Electroplaters’ 
Society. AES sponsored laboratory work 
metal cleaning revealed evidence 
relationship between ease oil removal 
and spreading rate. Further work 
Columbia University scheduled this 
subject. 


Knowledge composition oil used 
for lubrication, cutting aid rust pro- 
tection not required tell how hard 
will clean metal because users 
now can test oil watching how fast 
drop spreads over clean sample metal, 
AES states. The society points out that 
test value beyond metal cleaning 
field data obtained may help develop 
more tenacious rust preventives, stronger 
motor lubricants and more dur- 
able waxes. said study will ex- 
tended cover greases 
material. 


Research Started Into 
Minimum Paint Film Data 


Determination minimum paint film 
thickness for economical protection 
hot rolled steel against corrosion first 
major corrosion research pro- 
gram being sponsored the Federation 
Paint and Varnish Production Clubs. 
Project has been assigned North Da- 
kota Agricultural College Fargo with 
Wouter Bosch, head the college’s 


Paint Laboratory coordi- 
nator, 


Rapid Abrasion Resistance 
Measurement Explained 


rapid method for measuring abra- 
sion resistance organic coatings 
metals that determines, under controlled 
operating conditions, time required for 
high-speed jet fine abrasive particles 
abrade substrate has been developed 
the National Bureau Standards. 

Method similar principle pro- 
cedures where loose particles fall, rub 
are blown against test specimen, but 
does not depend upon abrading area 
definite size and uses continuously fresh 
supply abrasive particles. Carbon di- 
oxide gas under controlled pressure pro- 
pels abrasive powder 
storage chamber through nozzle im- 
pinge high speed upon test specimen. 
Solenoid valve operated with manual 
switch turns flow powder off 
and mounting arrangement for test spec- 
imen and nozzle assembly permits ro- 
tational adjustment while angle between 
nozzle and surface abraded ad- 
justed graduated rotating disk at- 
tached nozzle shaft. 
brated taper gage permits rapid, accurate 
adjustment nozzle-to-specimen dis- 
tance abrading angles from 
degrees. 

Spent particles and coating debris are 
removed through vacuum exhaust outlet 
one end test chamber. Rapid moni- 
toring abrasive flow rate accom- 
plished weighing tube having rubber 
diaphragm with hole accommodate 
nozzle tip one end and diaphragm 
ordinary filter paper other end 
permit gas escape while trapping par- 
ticles. 

Operating conditions can varied 
accommodate extreme differences but 
usually desirable use nozzle- 
coating distance 0.04 inch, gas pres- 
sure flow rate approxi- 
mately 0.15 grams per second and 
abrading angles degrees. The 
degree angle simulates leading-edge 
type erosion encountered aircraft 
flight and degree angle simulates 
scuffing wear which aircraft receives 
during maintenance. 


Abrasion time for given material de- 
pends test conditions, increasing 
almost linearly with increasing nozzle- 
to-coating distance, decreasing with in- 
creasing pressure and angle abrasion 
(from about degrees) and rising 
again smaller abrading angles. 

End point method first show 
bare metal, readily detected when coat- 
ing and substrate differ color 
usually the case, otherwise inspection 
with hand lens may used. Studies 
bureau show method distinguishes sig- 
nificantly between materials difficult 
though degree correlation with actual 
service performance has not yet been 
established definitely. 


Anodes, Instruments, 
Paints, Other Topics 
Will Discussed 


The American Gas Association’s 1955 
Distribution, Motor Vehicles and Corro- 
sion Conference scheduled the 
Netherland Plaza Hotel Cincinnati, 
April 12-15. 

Corrosion Mitigation Practices Dis- 
tribution Systems are discussed 
during the corrosion portion the 
Wednesday noon luncheon conference. 

Airless Paint Spray (speaker not an- 
nounced) and Re-Evaluation Under- 
coating Head, Public Service 
Co. New Hampshire, Manchester, are 
included the Automotive and Mobile 
Equipment Session held Thursday 
morning. 

Corrosion Session also held 
Thursday morning includes discussions 
on: Surface Methods Attaching An- 
odes Pipelines Jones, The 
Cincinnati Gas and Electric Co. Eco- 
Geoghegan, Consolidated Edison Co. 
New York City. Surface 
Potential Measurements Wade, 
Transcontinental Gas Pipe Line Corp. 
Houston and Causes Ferrous Pipe 
Corrosion Kulman, Consoli- 
dated Edison Co. Y., Inc. 

Peifer, The Manufacturers Light 
Heat Co. Pittsburgh and symposium 
cluding panel answer questions 
Thursday afternoon. 

Maintenance including corrosion miti- 
gation panel held during the 
Automotive and Mobile Equipment Ses- 
sion Friday morning and Report 
Subcommittee Plastic Pipe Stand- 
ards and Report the Society the 
Plastics Industry’s Pipe Activities are 
presented Friday afternoon. 


Rubbish Burning Eyed 
Contributor Smog 


complete engineering study sani- 
tary landfill for rubbish aid battle 
against smog Los Angeles has been 
recommended the Los Angeles 
County Board Supervisors the Air 
Pollution Foundation. That backyard 
burning rubbish contributes esti- 
mated 500 tons airborne materials 
air pollution the Los Angeles Basin 
was pointed out the foundation which 
recommended backyard incinerators 
replaced efficient collection systems 
with final disposal made local land- 
fills when available distant landfills 
when necessary. 

Back issues Corrosion for 1954 and 


for many issues prior years are avail- 
able. 
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Coatings for protection floors against 
heavy traffic and corrosive spillage are 
manufactured Dennis Chemical Co., 
2701 Papin St., St. Louis Designated 
Perma-Skin Epoxy Coatings, they are 
based use catalysts provide 
air-dry system properties previously 
obtainable only with high-temperature 
baking, the company says. Manufacturer 
claims coatings have excellent adhesion, 
abrasion resistance, toughness, flexibility, 
acid and alkali and solvent resistance. 
Company also produces Denflex Plasti- 
sol Metal Coatings used with one-coat 
primer said tightly bond plastisols 


metal surfaces such steel, copper, 
brass, aluminum galvanized 
Primer called Denflex No. 2386 may 
applied brushing, dipping, roller coat- 
ing spraying. Coatings are resistant 
weathering, abrasion and corrosion 
and for electrical insulation, the com- 
pany says. 

Gears are made pre-alloyed steel 
powder made water disintegration 
molten metal Hydreco Division 
The New York Air Brake’ Co., mar- 
keters product. Vanadium-Alloys 
Steel Co. developed the 4650 steel pow- 


OIL WELL CASING PROTECTED 
FROM EXTERNAL CORROSION 


Magnesium anodes are now being used 


stop 


external corrosion oil and gas well casing. Here’s how one 
major oil company used this low-cost method 130 wells, 


5000 feet deep: 
CSI engineers, 


who helped develop the method, provided 


complete turn-key job. They first surveyed the wells, using 
special surface instruments, determine the current density 
required for cathodic protection. Then they installed DOW 
magnesium anodes using CSI equipment and 
The installation was designed for year life. 

CSI offers expert consultation and installation services, 
well complete line brand-name cathodic protection 
materials—for both anode and rectifier jobs. 

Call write for competitive cost estimates quotations. 


Ask about the new Dow 


“Galvomag” which gives 


per cent more current output than other anodes similar 


CORROSION SERVICES 


* Pat. Applied For, 


Box 7343, Dept. 


INCORPORATED 


Tulsa, Oklahoma 


Telephone: Tulsa 4-0082 


der and fabrication into gears said 
have tensile strength exceeding 100,000 
psi and C-30 particle hardness was ac- 
complished Keystone Carbon Co. Hy- 
dreco claims tests prove gears are equal 
not superior cut gears originally 
used and have uniformity one 
another. superior surface 
teeth, resistance wear and high 
strength. 

Bakelite Epoxy resins 
cloth laminate for patching 
percent auto-body repair ac- 
cording report Bakelite Co., 
vision Union Carbide and 
Co., 260 Madison Ave., New 
Arndt-Palmer Laboratories, 
Mich. packages the laminate. 

Tenite Polyethylene, molding 
Chemical Products, Inc., 
Eastman Kodak Co. under 
arrangement with Imperial In- 
dustries, Ltd. aims 
spherical pellets have advantages uni- 
form flow from hopper .ting 
cylinder molding extrusion ma- 
chine reducing chance 
will not readily catch hold dus: and 
foreign particles, have low bulk 
and fewer fines make cleaning 
molding extrusion machine casier 
when changing colors, 

The American Brass Co., 
New York has scheduled construction 
brass mill the Paramount district 
Los Angeles. Mill produce cop- 
per and copper-base alloys 
sheet, strip, rod, tubing and cop- 
per products and will have estimated 
annual capacity about 
pounds. 

College Engineering, Ohio State Uni- 
versity has scheduled the second 
Conference for Engineers the univer- 
sity May general session and 
departmental technical meeting 
outstanding 
and developments. Registration 
a.m. the university’s Union 
the campus. 


Valve and Flange covers made ‘rom 
synthetic fabric called Dynel and 
acid and caustic resistant are pro- 
duced the Textile Fibers 
Carbide and Carbon Chemicals Co., 
Division Union Carbide and 
bon Corp., 42nd St., New 17. 
has proven by test to be superior m 
initial cost and upkeep 
and storage, the company says. 

Two “Scotch” Brand 
sure-sensitive film tapes said 
unusual strength although mils ‘hick 
are produced Minnesota 
Manufacturing Co., St. Paul. 
No. 850 and 852, tapes are 
differ that No. 852 printab’ and 
has special 
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liner. Manufacturer claims products re- 
sist acids, alkalies, ketones, hydrocar- 
bons, esters and other common solvents 
and will not crack, chip peel. Out- 
door weathering tests various sections 
nation over nearly 
showed appearance change, the com- 
pany says. Properties include pounds 
tensile strength and ounces ad- 
per inch tape width and 100 
percent elongation. Company recom- 
tapes for uses such protecting 
fuel from rivet abrasion aircraft 
and rolls paper, plastics and 
proce -ses. 

Iron for Highway Construc- 
tion title eight-page booklet pub- 
highway officials and engineers 
materials for use corro- 
sive surfaces. Discussion 
how iron resists corrosion and 
iron and its applications are in- 
Booklet available from Adver- 
tisine Department the company. 

storage battery de- 
for emergency lighting 
Exide Industrial Division 
The lectric Storage Battery Co., Box 
Designated 3-COE-7 
Tytes, battery has polystyrene container 
and cover which company claims has 
high impact resistance and 
strength addition chem- 
ical physical Plastic also 
weiglit and easy keep clean, the com- 
pany says. Short circuits are prevented 
triple insulation with 
and rubber which give 
charge characteristics because low 
resistance and battery requires addition 
water once twice year under 
operation, the company reveals. 

Technique Molding refractory plas- 
Division The Electric Storage Bat- 
tery Co., Box 8109, Philadelphia. Man- 
claims economical processing 
pure nonplasticized polyvinylchloride 
intricate and complex moldings for 
large production runs and small lots 
permitted. Adulteration rigid PVC 
molding compounds and 
plasticizers, thus lowering plastic’s nat- 
ural chemical resistance and mechanical 
Strength solved process, the com- 
pany says. 

Hot-Spray-Applied 
tective coating called Tygon ATD, said 
extremely dense and impermeable 
with complete absence pin holes 
produced The Stoneware Co., 
Akron. Product combines. vinyl and 
other plastic resins form high solids 
content viscous material that reverts 
liquid form heat application avoid- 
use excessive amounts solvents 
achieve spraying consistency, the 
claims 
Productis resistant most commercial 
acids and alkalies well alcohols, 
and oils but attacked aro- 
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atmosphere meets liquid, metal faces accelerated cor- 
rosive attack. variable water level, whether caused the 
normal ebb and flow the tide the buffeting waves, 
controlled within vessel, becomes one several forces 
that may combine destroy metal. 


Undulating fluctuating motion brings the surface un- 
saturated liquid which rapidly absorbs oxygen. Such motion 
also thins the liquid film metal surface, permitting dis- 
solved oxygen diffuse more rapidly and speed corrosive 
action. 


Even where motion not factor and constant water 
level maintained, corrosion may attack most severely 
the water line immediately below. Again, higher con- 
centration free oxygen near the surface may 
determinant, with convection currents carrying unsaturated 
liquid upward oxygen-spent liquid bearing corrosion prod- 
ucts tends flow downward. difference electro-chemical 
potential between metal the interface and meniscus and 
that just below, further believed, establishes the former 
cathodic and the latter anodic, thus intensifying near- 
surface deterioration metal. 


many another struggle, success forestalling cor- 
rosive attack stems from accurate intelligence the aggres- 
sor’s plans and tactics, Adequate defenses can erected 
only after correct evaluation all corrosion’s forces and 
the ways which they may combine specific action. 
pioneer the field industrial metal protection, The 
Dampney Company ready apply your corrosion- 
control needs the considered engineering judgement that de- 
rives from thorough technical knowledge and long practical 
experience dealing with the vagaries corrosion. 

Let know your service requirements Dampney 
Coating Selector for recording pertinent data available 
request) and Dampney recommendation will 
yours without obligation right for you because individ- 
ually job-selected meet your specified needs. 


MAINTENANCE 


FOR METAL 


HYDE PARK. BOSTON 36, MASSACHUSETTS 
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provides positive protec- 
tion for well tubing and 
acid storage equipment 
high low temperatures. 


ganic inhibitor designed 
especially for acidizing. 


neither destroyed nor 
precipitated hydrogen 
sulfide. does not stimu- 
late localized pitting. 
readily soluble water 
acid. 


Economical, effective, and 
easy use, 203 
provides maximum protec- 
tion minimum cost. 


The Model E-4 Detector portable 
instrument designed for all-purpose work 
and adaptable both large and 
small pipe. features direct current, 
high potential output, accurate bell sig- 
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matic hydrocarbons, ketones and esters 
and that field tests indicate labor costs 
are cut much percent. 


Chempro “Wedge-Lock” external me- 
chanical seals are produced Chemical 
and Power Products, Inc., New York 
City. Seals are designed complete in- 
terchangeability with stuffing-box pack- 
ing pumps, agitators, autoclaves and 
other rotating processing equipment, the 
company says. They are recommended 
for use equipment handling acids, 
caustics, solvents and other chemical 
liquids and slurries under wide range 
operating conditions, Use seal re- 
toxic, explosive and 
and eliminates shaft scoring, the com- 
pany states. 


scribed Technical Bulletin No. 0-118 
which has been prepared Organic 
Chemicals Division Monsanto Chem- 
ical Co., St. Louis Primary use 
product bath addition agent 
electroplating field, may used 
intermediate organic synthesis, par- 
ticularly when phenolic compound stable 
oxidizing action light and air 
would valuable, the company says. 
Several important DDS reactions and 
bibliography are included the four- 
page bulletin available from the com- 
pany request. 


ENTIRELY NEW 
LOW COST ALL-PURPOSE 
DETECTOR 


Tinker Rasor 
MODEL E-4 
DETECTOR 


Lightweight 

Output 

Shock Proof Case 

Adjustable Voltage 


Type Material 


nal alarm, and adaptable both the 
full circle and half circle electrodes. 
adjustable from 2500 20,000 volts 
and offers shock proof, non- 
destructible type case. 


Write today for prices and complete detailed information. 


PERSONALS 


Albert Gagnebin has been appointed 
assistant manager ‘of the Nickel Sales 
Department; Edward Bitzer as- 
sistant manager the Nickel Alloys 
Department and Keith Millis 
charge the Ductile Iron Section, 
Development and Research Division 
the International Nickel Co., Inc., 


David has joined the en- 
gineering staff the Hinchman Cor- 
poration, Engineers, Detroit, 


Frank Cashin has been named vice 
president Kaiser Aluminum Chem- 
ical Corp., 1924 Broadway, Oakland 12. 


John Gerrard, formerly with 
Oil Co. senior corrosion engi- 
neer with Metal and Pipeline 
Endurance Ltd. His address Mer- 
ton Rd., Prestwich, Manchester, Eng- 

Ganchan has been named assistant 
general manager Automotive 

Steinmann has been appointed 
Southeast sales engineer the Atlanta 
Office, Royston Laboratories, 
Blawnox (Pittsburgh) Pa, 

Philip Smith has been elected vice- 
president-sales engineer the Nooter 
Corp., St. Louis. 

Yale Titterington has been 
general manager and Hugh Brady 
vice-president and chief engineer 
Corrosion Services, Inc. Box 
7343, Tulsa. 

Ben Carroll has been appointed research 
director Furane Plastics, Inc., Los 
Angeles. 

Douglas Lynch, formerly executive 
vice president Brush Electronics Co. 
Cleveland, has been named president 
the company. 

Roger Risley has been named 
tor engineering and Fred Newell 
chief product engineer Dresser Man- 
ufacturing Division, Bradford, Pa. 


James Neal, Dallas sales manager for 
Owens-Corning Fiberglas Corp. 
has been named 
sales manager for the company, 


Volkmann been appointed 
manager the Research Department 
Koppers Co, Inc. Pittsburgh 19. Dr. 
Volkmann will responsible for coor- 
dination all Koppers research includ- 
ing work its Verona, Pa. 
Center and elsewhere the 


Stephen Moxley has been named 
succeed Charles Otto Hodges 
dent The American Cast Iron Co. 
Birmingham, Ala. Frank Cou; 
appointed vice and 
works manager, Arnold 
vice president and sales manager and 
Kenneth Daniel, vice and 
chief engineer for company. 


industrial sales representative 
Nubian Industrial Division The 
den Co. Cleveland. 
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6.3.6 

Examination Old Bronze Ship 
Spike Taken from Wreck Nags 
No. 205 (1954) July. 

spike taken from wrecked ship 
Nags Point, with that spikes 
from the frigate Constitution 
taken from Boston’s Old South Church 
toof fastening copper sheets dated 1838 
establishes the age the craft the 
last half the eighteenth first half 
the nineteenth century. 7930 


1.2 Importance 
12.2 

What Corrosion Costs Canada. 
Can. Chem. Processing, 37, No. 
10, (1953) September. 

The total annual cost corrosion 
million dollars, compared with 


Items contributing Canada’s annual 
corrosion bill include over $122 million 
for paint and lacquer coatings, including 
labor; over million for galvanized 
sheet, wire, and pipe; nearly mil- 
lion for tinplate; million for lead 
coatings and terne plate; $30,000 for 
nickel coatings; nearly $10 million for 
copper and copper alloys; million for 
stainless steel; million for domes- 
tic hot water tank replacements (esti- 
mated 10%); and over $112 million 
for repairs internal combustion en- 
gines (60 percent estimated corrosive 
wear). 


Not included these figures are labor 
costs for miscellaneous coating applica- 
tions, repairs, underground pipeline main- 
tenance and the like; costs cadmium 
and phosphate coatings and boiler- 
water treatment; losses incurred 
shutdowns, material spoilage cor- 
roded containers and reduced 
ciency, 7893 


1.6 Books 


Proceedings the Short Course 
Corrosion Held the University 
California. 119 pages, 1953. Dept. Con- 
ferences and Special Activities, Univer- 
sity Extension, University California, 
Berkeley Calif. 


collection papers presented 
the University California Short Course 
Corrosion Berkeley, February 2-6, 
Included the book are discus- 
sions fundamentals corrosion, 
stress corrosion, corrosion ferrous 
and non-ferrous metals, various coat- 
ings, corrosion the process industry 
and public water systems, cathodic 
protection principles and practices, cor- 
rosion study and testing including use 
radiotracer techniques and high tem- 
perature corrosion. 8032 


1.6, 5.3.4, 6.5, 5.4.5, 5.9.1 


Surface Protection Against Wear and 
Corrosion. Book, 1954, 461 pp. Ameri- 
can Society for Metals, Cleveland, Ohio. 

Lectures given members the 
ASM the National Metal Congress, 
1953. Includes: Testing for Wear Re- 
sistance and Selecting Materials for 
Wear Resistance, both Avery; 
Electroplated Coatings and Anodized 
Coatings, both Hosdowich; 
Case Hardening Steel Carburizing, 
Case Hardening Steel Carbonitrid- 
ing and Cyaniding, Case Hardening 
Steel Nitriding, and Diffusion 
Treatments for Wear Protection, all 
lizing Vanderpool; Selective 
Grover; Hard Facing, Hard Facing 
loys, Tungsten Carbide Hard Facing, 
Chromium Carbide Hard Facing, Mar- 
tensitic Irons, Cobalt-Base Alloys, Nickel- 
Base Alloys, Martensitic 


PHOTOPRINTS and/or 
MICROFILM COPIES 


Technical Articles Abstracted 


CORROSION ABSTRACTS 


May Obtained From 


ENGINEERING SOCIETIES LIBRARY, 
West 39th Street, New York 18, 

CARNEGIE LIBRARY PITTSBURGH, 
4400 Forbes St., Pittsburgh 13, Pa. 


NEW YORK PUBLIC LIBRARY, New 
York City. 


LIBRARY, Office Librarian, Wash- 
ington, (Special forms must 
secured). 

LIBRARY CONGRESS 
Washington, 


JOHN CRERAR LIBRARY 
East Randolph St., 
Chicago Ill. 


Persons who wish secure copies 
articles when original sources are un- 
available, may apply directly any 
the above for copies. Full reference in- 
formation should accompany request. 
The National Association Corrosion 
Engineers offers warranty any 
nature concerning these sources, and 
the names for information 
only, 

NACE will NOT accept orders for 
microfilm copies ma- 
terial not published the association. 


Steels, Austenitic Stainless Steels and 
Austenitic Manganese Steels, all 
Avery; Hard Facing for Hot 
Wear Resistance Gaynor; Eco- 
nomic Justification Protective Coatings 
Harvey; Surface Preparation 
and Pretreatment Metals Prior 
Painting Liebman; Organic 
Coatings for Normal Services 
Corrosion Prevention Paint 
Maintenance Severe Industrial At- 
mospheres Tator; Specifications 
for the Painting Metals Bigos; 
Cathodic Protection and Galvanizing 
Ingham; Electrodeposited Coatings 
ographies are provided but few the 
lectures the corrosion group are too 
brief really helpful—BNF. 


TESTING 
2.2 Location Tests 


2.2.2, 6.2.1 


Report Committee A-5 Corro- 
sion Iron and JAHN, 
chairman. American Society for Testing 
Materials, Preprint No. 1953, pp. 

Presents work the committee 
atmospheric exposure tests and tests for 
weight coatings. Tables, photo- 
tographs.—BTR. 7914 
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Whether applied Roskoter* (top), brush (bottom) spray, 
Roskote cold-applied mastic’s drying speed and handling ease cut 
manhours from work schedules. Yet costs only three cents per 


square foot coverage. 


Roskote dries the touch minutes and ready for back- 
fill hour. bonds readily previous coatings coal tar 


asphalt and 


This tough, natural resin-base mastic sets flexible film 


without brittleness sag through temperature range 


—40°F 


375°F withstands the pressure, strain and abrasion the 
meanest soils. Roskote alone has electrical resistivity 
megohms per sq. ft. and highly resistant the corrosive attack 


acids, alkalies, salts and moisture. 


Find out for yourself why over 100 major utilities and pipe- 
line companies specify Roskote for their jobs. Write for 
complete technical information and free sample, and while you’re 
ask about application Roskoter, Royston’s revolutionary 


new coating device. 


ROYSTON 


LABORATORIES, INC. 
BOX 112-C, 
PITTSBURGH 38, PA. 


50a 


District Offices 
Box 1084 
Decatur Station 
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Box 1754 
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*Patent Applied For 
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2.3 Laboratory Methods and 
Tests 


2.3.2, 2.4.2 


Three Accelerated Corrosion Tests 
for Materials and Finishes. 
Materials and Methods, 38, No. 113 
(1953) Nov. 

The use simulated service tests for 
measuring corrosion-resistance briefly 
tester described and The 
apparatus consists essentially num- 
ber chambers through which the sam- 
ples tested are rotated, 
vided with controlled humidities con- 
trolled gas atmospheres. 
test cycle, the samples are subjecied 
alternate condensation 
The Tour wear-corrosion 
tester described and its use for evalu- 
ating the wear-resistance 
rhodium/platinum nickel brass. gold/ 
nickel brass and 
brass and steel illustrated. 
sea-water testing apparatus also de- 
scribed and 7983 


2.3.2, 2.4.2, 8.8.1 


Corrosion Testing for Your Plant. 
Chem. Eng., 60, No. 10, 1953) 
October. 

Test apparatus suitable for mos: 
ratory corrosion test work 
The unit permits determination 
the proper materials construction 
cases involving process liquors for which 
applicable published corrosion data 
are available; allows for 
selection the most mate- 
rial construction; the 
contaminating characteristics 
als construction the purity 
chemicals manufactured; 
reduces the number instances where 
materials construction must 
lected wholly the basis literature 
comparison for use tabulating and 
correlating corrosion test results. The 
equipment and general test procedure 
are described and the test results 
ated. 7997 


2.3.2, 6.2.2 
Corrosive Action Highly Concen- 
trated Nitric Acid Iron. Ger- 
No. 8-9, 290-298 (1953) Aug.-Sept. 
Influence test conditions, pre-test 
treatment and composition 
ular attack described. Photographs, 
8026 


Affecting the Testing 
Stainless Steels Boiling 
Chem., No. 273-283 (1954) 

Corrosion rate obtained when 
nitric acid affected method test- 
ing. Main source error 
corrosion products accumulate, 
ation attack occurs and 
acid has serious effect 
rate. Chromium dissolved acid 
ent state and degree accelera 
proportional the amount chr 
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2.4.3, 7.1 
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April, 1955 


this condition. Chromium can oxi- 
dized from Cr* with nitric acid 
several factors, including type 
condenser used and strength test 
acid, affect the reaction. tests, 
which the acid changed intervals, 
are not the answer errors introduced 
this process since mechanism at- 
tack nitric acid leaves 
the stainless steel condition suscep- 
tible heavier attack even pure nitric 
acid aud this leads earlier serious 
satisfactory materials may 
selected for testing procedure since 
steels most resistant pure nitric acid 
are nor necessarily most resistant 
nitric contaminated with Tests 
were performed 18/13/1 chromium/ 


7951 
2.3.7 


Electrical Measurements High 
Efficient Tool for 
itz. Powder Met. Bull., No. 
178-185 (1953) Dec. 

bes apparatus for measuring the 
high resistivity bar sam- 


ples, results obtained for hot pressed 
rods molybdenum, steel, 
carbide, and Melt- 
ing and transformations could 
7922 
2.4 Instrumentation 
2.4.3 

Conductivity Now Useful Nonde- 
Methods, 38, 124-126 


(1953) October. 
Describes instrument, 
Germany, which directly measures elec- 
trical conductivity materials, can 
used for sorting nonferrous metals 
and alloys, identifying unknown metals, 
evaluating hardness and checking heat 
results. Photographs, charts. 


BTR 7906 


2.4.3, 2.3.9, 7.2, 7.5.4 

Ultrasonic Testing Steel Rolls and 
Bentz. Eisenhuttenw., 24, No. 1-2, 
47-52 (1953). 

Mcde operation Scam ultrasonic 
testing device, developed France and 
authors’ study. Inspection 
rolling mill, rolls cast and forged 
(chromium-molybdenum) steel for mac- 
rodefects, such pipe and comparative 
structure studies, using ultrasonics, prin- 
cipally the pulse reflection Use- 
fulness ultrasonic testing for control 
structures obtained heat treating. 
Possibilities testing cylinders used 
storage highly compressed gases 
and reflection method. Detection de- 
such laminations cylinder 
walls the same combination method. 
Inspection cylinders completely and 
filled with liquids vertical 
against horizontal position. Condensed 
translation available. Brutcher, 
157, Altadena, California. 

7885 


7.1 

Practical Experiences Gained the 
Inspection Turbo Gen- 
Rotor Forgings Acceptance 
No. 502-506 (1953) July. 

acceptance testing large 
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turbo generator rotors 
reflection test method, Location re- 
flecting zones and deductions concern- 
ing their nature. Usefulness ratio 
defect deflection terminal echo for 
measuring the magnitude defects 
whose orientation known; conditions 
met this connection. Importance 
proper acoustic coupling. Testing pro- 
cedure proposed. Correct evaluation 
test results rotors for dependable 
estimates the nature the defects. 
Information obtained supplementary 
mechanical tests trepanned cores, 
confirming the ultrasonic test results. 
Consideration the particular severe 
conditions the rotor order avoid 
unjustified rejects based 
test data. Translation available: Henry 
Brutcher, Box 157, Altadena, Cal- 
ifornia. 7881 


The new Port Newark, 
wharf, built the Port New 
York Authority for the use the 
Waterman Steamship Corporation 
world-wide trade, supported 
H-Piling guarded against corrosion 
below mean low water cath- 
odic protection system specifically 
designed protect the structure 
for life. 


This another application our 
Engineering Division “know-how” 


MAIN STREET, 
E-28 


CONTROLLING 


Air View Port Newark Southside Wharf 


STEEL H-PILING SUPPORTING 
THIS WHARF CORRODE 


Six Million Dollar Terminal Protected For Life 
Yearly Cost $2.50 Per Pile 


ELECTRO RUST-PROOFING CORP. (N. J.) 
BELLEVILLE 


CHARACTERISTIC 
CORROSION PHENOMENA 


3.2 Forms 


3.2.2, 3.5.8 

Slip Lines, Etchpits and Corrosion 
Pits. Phil. Mag., 45, No. 
360, 105 (1954) January. 

Single crystals high purity zinc 
were electrolytically polished per- 
cent chromic acid and deformed ten- 
sion. The crystals were then either left 
exposed the atmosphere etched 
percent chromic acid for various peri- 
ods. the first case, corrosion pits de- 
veloped rapidly along slip lines and 
random the surface. the case 
etching, however, etchpits grouped them- 
selves along slip lines only, leaving the 


that since 1935 has been success- 
fully controlling corrosion reduce 
maintenance costs buried and 
submerged steel structures many 
types. Because E.R.P. engineers are 
corrosion control specialists, you can 
depend them for the most eco- 
nomical solution your corrosion 
control problem. 


For the best answer complete pro- 
tection existing planned steel 
structures, write for information. 


N. 
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gives mils thickness per 
for heavy duty protection steel 
severe corrosive environments 


duty protection required for areas 
chemical processing plants and other industries where severe 
corrosive conditions are present (high fume concentration, 
heavy splash and spillage). Vinyls and other relatively thin 
coatings, which not give heavy duty protection, fail 
these environments. 

But Phenoline 300 modified thermosetting phe- 
nolic) gives you this vital protection and saves you money, 
too. Here’s why: 


mils (.010”) thickness per coat. This means fewer coats required, 
lower application cost. 

Highly resistant acids, alkalies, solvents. 

100% solids 

Can sprayed brushed. 

Air dries—no baking required. 

Resists sudden temperature changes. 

Easy wash down and keep clean. 

Available all colors. 


write today for information and literature, including results 
free impartial tests different protective coatings, in- 
cluding Phenoline 300, severe corrosive atmosphere. 


A Division of Mullins 


4 F ¢ 


Corrosion 
Synthetic 


327 Thornton Ave., St. Louis 19, Mo. 
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rest the surface free. With prolonged 
etching, existing etchpits slip lines 
deepened and new ones developed 
random.—ZDA. 7982 


3.2.2, 3.8.4 

Further Studies the Mechanism 
Which Hydrogen Enters Metals During 
Chemical and Electrochemical Process. 
SNAvELY AND Faust. Battelle 
Memorial Inst. Advisory Comm. 
Aeronaut., Tech. Note No. 3164, 
March 

Investigation was continuation 
efforts develop fundamental concepts 
which would useful preventing 
alleviating hydrogen damage 
NACA Tech. Note No. 2696 presented 
new mechanism which postulates that 
the entry hydrogen into metals from 
chemical and electrochemical action oc- 
curs when hydrogen-metal alloy forma- 
tion simultaneous with discharge (or 
release) hydrogen atoms. the pres- 
ent work the phenomena relating hy- 
drogen entry into steel were 
further. general, the results support 
the newly postulated concepts. 
dices include one dealing with 
ments the effect hydrogen content 
bend angle for steel specimens. 
trations, tables, references.—IN CO. 

7962 


PREVENTIVE MEASURES 


5.2 Cathodic Protection 


Coordination Corrosion Control. 
Pipe Line News, 25, 
44, 46, (1953) Dec. 

Outlines steps necessary for adequate 
coordination corrosion control meas- 
ures. 

Similar article: There’s Trouble Ahead 
Utilities Fail Coordinate Their Cor- 
rosion Control Measures. Hugh Ham- 
ilton. Gas, 29, 51-52 (1953) Dec. 7934 


5.2.1, 8.9.5 

Cathodic Protection Applied 
Royal Canadian Naval Vessels Active 
Industry, No. 172-182 (1954) Feb. 13. 

Techniques application; results ob- 
tained and advantages and disadvantages 
systems employing magnesium, steel, 
graphite platinum anodes. Diagrams, 
graphs, 7996 


Cathodic Protection for Steel Mill 
Grounding Systems. /ron 
Steel Engr., 31, No. 111, 113-115 (1954) 
March. 

description the design and instal- 
lation the grounding systems 
less Works, U.S. Steel Corporation 
given typical case cathodic pro- 
tection grounding systems. The inany 
factors involved the design ade- 
quate grounding system include the 
soil, size and number electrodes and 
depth penetration into earth. The 
ground bed plan shown and 
the layout used for steel ground rods and 
magnesium anodes. Steel rods were 
long diameter. The anodes were 
ft. long, inches square mag- 
nesium cast the center ft. 
inch diameter steel rod. The and 
anodes were spaced ten feet 
from each other which found give 
optimum resistance per minimum 
ber electrodes. The rods were con- 
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nected parallel 250-MCM neoprene 
jacketed copper cable which was termi- 
nated the test plate. Likewise the 
anodes were all connected parallel and 
terminated the test plate. The test 
plate facilitates separation the two ele- 
ments for checking resistivity and current 
characteristics and permit sepa- 
ration equipment ground cables for 
measuring insulation ground. Building 
structure ground cables were also termi- 
nated test plates. This method 
cathodic protection also afforded cathodic 


protection for building 
within the environment the 
7955 
8.9.5 


Cathodic Protection Shell Depot 
Ship. Eng., 76, 434 (1953) Oct. 

The “Shell Quest” outfitted depot 
ship for under water exploration has the 
under water portion the hull cathodi- 
cally protected four groups graphite 
anodes suspended over the side and sup- 
plied with current from special 
motor the engine room 
which convert the ship’s 220-volt current 
voltage supply controllable over 
wide range. Under normal conditions one 
motor can protect the hull with 
little kw. 7940 


Cathodic Protection Meters for Field 
Personnel. JAMES Petroleum 
Engr., 25, D-79, D-82 (1954) May. 

Discusses use zinc bar permanent 
reference electrode, with special meter 
for checking cathodic protection. 
lines. instruments are described. 
Use this method enables field person- 
nel catch failures system and 
aid engineer trouble shooting. 7956 


5.4 Non-Metallic Coatings and 
Paints 


5.4.2 

Investigation Develop Heat Resist- 
ing Coatings Protect Metal Alloys 
Against Corrosion: Quarterly Progress 
Report For the Period Ending March 
31, 1953). National Bureau Standards, 
Quarterly Progress Report No. NBS- 
4C-102, April 1953, pp. 

During the quarter, total addi- 
tional coatings were designed, compounded 
and tested, The ceramic-metal coating 
did not bond the base metal during 
and flaked off before testing. Two 
unfritted coatings showed good adher- 
ence the base metal after firing but 
did not afford 
against oxidation the extended heat- 
test. Several the frit-refractory 
coatings adhered well Inconel and 
321, 309 and 310 stainless steel. 
None the coatings gave complete 
Type 321 stainless steel 
Two coatings appeared pro- 
tect Inconel this temperature and sev- 
eral coatings when applied Types 309 
and 310 stainless steel were good 


condition after the extended heating test. 
7917 


5.4.2 


Designer’s Guide Vitreous Coat- 
ings. Service Properties. II. Metal 
Selection, Processing, and Design. 
Machine Design, 25, 
Stedfeld lists the important 
Properties vitreous coatings being: 
resistance acids, alkalies, chemi- 
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cals and corrosion; suitability for high 
temperatures and for protection against 
high-temperature oxidation; 
ance abrasion and wear; and the 
possible appearance value porcelain 
Information given optical 
properties enamels, their acid- and 
corrosion-resistance and their thermal 
and mechanical properties. Tests for the 
service properties porcelain enamels 
are given table and graphs present 
data the relative resistance porce- 
lain enamels the corrosive action 
hot water, the effect extended heating 
the strength coated and uncoated 
stainless steel, the abrasion-resistance 
standard enamels, the effect metal thick- 
ness the impact strength 0.013-in. 
thick porcelain-enamel coatings and the im- 
pact strength function thickness 
enamel coating. 


101 


Part II. Under the heading Metal Se- 
lection, Stedfeld discusses the qualities 
required the ferrous alloys employed 
for enamelling. For ceramic coating 
becomes possible use some non-ferrous 
alloys, particularly those the stainless 
and heat-resisting groups. number 
aluminum alloys can enamelled. De- 
scriptions are given wet- and dry- 
process enamelling and information 
nique for porcelain Special 
points observed design include 
accessibility for enamelling, sharp edges 
and radii, high-temperature effects, cor- 
rect metal thickness and coating strength. 
consideration has given the after- 
effects stamping, forming and draw- 
ing, the enamelling process can 


relieve internal stresses and cause warping 
distortion, The welding enamelled 
discussed 


articles with information 
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Control Corrosion with 


Mutual Chromates 


Inhibiting corrosion water systems 


problem when Mutual Bichromate Chromate 
maintained the proper concentration. 
cooling towers, air conditioning units, engine- 
cooling jackets, and refrigerating brines, 
metal protection virtually complete when 


cooling water chromate-treated. 


Mutual Chromium Chemicals are 
available for prompt shipment 
from our Baltimore plant 
from distributors’ 
warehouse stocks 
throughout the 
United States and 


Canada. 


Bulletins 
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Control; Nos. 83-88, 104; 215- 
219 (1954) April, 

Protection afforded structural ma- 
terials coating them with paints 
various types one best and most 
widely used methods controlling cor- 
rosion. Paint faults, including lack ad- 
hesion, adulteration, alligatoring, faulty 
application, bacterial growth, brittleness, 
blackening, blistering, blooming, bub- 
bling and bleeding are briefly covered. 
8008 


5.4.5 

Corrosive Attack Acidic Decompo- 
sition Products Evolved Paints 
While Drying: Technical Note. 
10, 344 (1953) Oct. 

Corrosion cadmium-, magnesium- 
and steels used construct 


given methods for preventing hair- 
lining. account assembly methods 
for coated products stresses the impor- 
tance methods preventing chip- 
7907 


5.4.2, 1.4 

Enamel Bibliography and Abstracts. 
Rocer compiler. Book, 487 
pp., 1953. American Ceramic Society, 
2525 High Street, Columbus Ohio. 

Presents compilation all published 
material from 1940 Includes ab- 
stracts porcelain enameling and refer- 
ences pertaining refractory coatings 


for 8047 


5.4.5 
Paint Faults and Remedies. Part 
Bryson. Corrosion Prevention 


Quality spectrographically analyzed 
anodes. 

Fast Service 
Custom manufacturing for special 
problems. 

Consulting and engineering 

service. 


get your anodes you 
record time. Our 
taking care customers hurry 
one our biggest assets. You 
can depend our consulting and 
engineering service solve your 
anode installation problems. 


2230 Magnolia 
Birmingham, Alabama 
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and pack helicopter blades was traced 
decomposition products from the alumi- 
num paint used.—RPI. 7924 


5.4.8 

Plastics Equipment Reference 

Chlorinated Rubber Coatings. 

Chem. Eng. Progress, 49, 452 (1953) 
Tabulates corrosion resistance chlo- 

rinated rubber 7968 


5.8 Inhibitors and Passivators 


Protection Against Rust and 
sion, Automotive Ind., 111, No. 
(1954) August 15; Product Eng., 25, No, 
216 (1954) August. 


Quicker yet longer rust 
amine nitrite compound, white 
about fine talcum which not 
clog flocking gun and can easily ap- 
plied with squeeze bottle, salt 
any similar device. Where ing 
powder may dissolved and 
applied solution. Powder been 
effective preventing corrosion under 
high humidity aircraft and in- 
ternal combustion engines. 
Shell Oil 8014 


5.8.2, 4.6.2 
Hydrazine: New Aid Water 
Chemical Corp. Power, 97, No. 
212, 214, 216, 218 (1953) Noveml 
American and German experi- 
ences the use hydrazine de- 
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Ideally suited for use with galvanic anodes. 
Has high carbon content and comes 
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oxygenating agent for boiler feedwater 
are summarized. Among hydrazine com- 
pounds successfully used corrosion in- 
hibitors the USA, hydrazine hydrate 
suitable for high-pressure boilers 
1400 psig and dihydrazine sulfate for 
industrial plant boilers. Di- 
hydrazine phosphate used England 
treat idle boilers. 

Trial runs with hydrazine England 
showed that the 
free oxygen, with decomposi- 
into water and nitrogen and that 


tion 

further hydrazine then reduces metal 
oxides (rust). Neither reaction changes 
the content the feed water. the 
absence oxygen and oxides, however, 


catalytic thermal decomposition takes 


place with the formation nitrogen and 

Which undesirable. Hence, 

avoid 


German experiences in- 


dicate the amounts required for cor- 
are much smaller for 
than for sulfite. Moreover, 
high-; plants with condensate 
feed, dition hydrazine raises the pH, 
alkali ind subsequent neutralization.— 
PDA 7904 
5.8.2, 9.4 

Solutions Found Inhibit Rust- 
Civil Eng., 24, No. 65-66 (1954) 
Augt 

Use small quantities borax 
water eliminated 
Series tests was conducted 
ine the effect various concentra- 
tions borax corrosion and the 


kinematic viscosity water. Tests were 


made using steel coupons cut from hot 
rolled steel strip. Recirculating system 
which the results were applied 
made hot rolled steel shapes, plates 


and pipes, that borax 
serves excellent rust inhibitor for 
steel and zine and that, the amounts 
required inhibit rust, its effect the 
specific gravity, surface tension and kine- 
matic viscosity water can safely 
neglected ordinary hydraulic labora- 


tory work. 8033 

MATERIALS 
CONSTRUCTION 

6.2 Ferrous Metals and Alloys 

3.6.8, 3.8.2 


Electrolytic Reduction Iron Rust. 
Zhur. Priklad. Khim. 
3165a (1954). 

The electrical potentials iron elec- 
trodes exposed periodic wetting 
drying and sulfur dioxide were measured 
potassium hydroxide solution. 
Surface changes and hydrogen evolution 
the cavities the rust due cathodic 
polarization was observed microscopic- 
ally. The most important depolarizing 
reactions were: 

Fe* +. e- Fe**; 
+ e H H.O. 

usted effective oxygen cath- 
ode the first stages the electrolytic 
virtue oxygen absorption. 
—EL. 8036 
3.7.3, 5.3.2 

Resistance Welding Coated Mild- 
Inds., 31, 323, 211-218 (1954) March. 
components which have 
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been previously coated plated. Petrol 
tanks, fire extinguishers, food and 
chemical containers and radio chassis 
are typical examples. Presence coat- 
ings, such nickel, mild-steel intro- 
duces various welding problems which 
are discussed and recommendations are 
made how best results 
obtained. Tables, graphs and refer- 
ences.—INCO. 8030 


6.2.4, 3.7.1 

Line-Broadening 
173, Pt. 147-152 (1953) Feb. 

X-ray diffraction-line shapes obtained 
from quenched medium- and low-carbon 
nickel steels were recorded 
Geiger counter spectrometer. Fourier 
analysis was used determine the true 


YOU BEGIN WITH 


Prufcoat Primer P-50: heavy-bodied, rust inhibi- 
tive, oleoresinous metal primer that insures 
mils more thickness the prime coat alone! 
Only minimum surface preparation needed. As- 
sures positive adhesion both metal and old 
sound paints. Meets practically all metal priming 
requirements. Special Prufcoat primers and under- 
coaters also available for masonry and wood. 
Write for technical bulletin No. 015. 


YOU FOLLOW WITH. topcoats the 


Prufcoat protective coating that best solves your 
specific corrosion problem. 


Prufcoat Standard Series: Styrene base coating 
with proven performance over the past years 
severe acid and alkali exposures. Modern im- 
provements make the easiest handling heavy- 
duty chemical resistant coating the market. 
Brushes easily oil paint. objectionable 
odor. Bonds well practically all paints and coat- 
ings with little tendency. Particu- 
larly outstanding and service. Write 
for color card showing attractive stock colors. 


Prufcoat Series: Vinyl copolymer resin formu- 
lation that combines maximum vinyl coating re- 
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physical broadening from the observed 
line shapes the martensite and 
annealed iron which assumed ex- 
hibit experimental broadening only. The 
results indicate that the effects produced 
martensitic transformation are simi- 
lar those obtained cold-worked 
metals. Earlier work substantiated 
that the major part the line-broaden- 
ing due internal stresses, but the 
results indicate the presence 
particle-size effect. The carbon content 
effective determining the degree 
internal strain remaining 
formation. Illustrations, references.— 
INCO. 7889 


6.2.5, 2.3.2, 8.1.2 
The Testing Method for the Inter- 
granular Corrosion Susceptibility 


sistance acids, alkalies and most common 
industrial chemicals with exceptionally easy 
brushing characteristics. Sprays hot cold with- 
out thinning. You get more mils per coat and 
45% more actual field tests. You meet mini- 
mum thickness requirements with fewer coats 
and fewer gallons. Send for color card showing 
attractive stock colors. 


Prufcoat Series: Catalytically cures room 
temperature give hard, mar-resistant coating 
and aliphatic hydrocarbons, chlorinated solvents, 
esters, ethers, ketones, etc. Provides complete 
protection against oils and greases. Exceptional 
pot life after adding catalyst makes its use com- 
pletely practical and economical. 


Prufcoat White Enamel: hard, yet flexible 
coating long noted for its exceptional whiteness 
and unparalleled ability stay white inside 
outside. Unaffected ultra-violet light. Proven 
protection against acids, alkalies and moisture. 
white coating unequalled for chemically corrosive 
environments. 


YOU WIND WITH mils more sur- 


face protection that saves you time, trouble 
and money! 


WRITE TODAY for pin-pointed recommendations your 
specific problem, and additional literature Prufcoat 
products. Dept. C-4. 
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18-8 Stainless Steel Constructions. 
Corrosion Engineering (Japan), 
No. 3438 (1954) April. 

Because test specimens generally can- 
not cut from construction, the author 
susceptibility 18-8 stainless steel con- 
structions disclosing characteristic 
metallographic structure the con- 
structions themselves with the following 
method. Holding the special electrolytic 
bath made polyvinyl chloride pipe 
any place the constructions, electro- 
lytic polishing and electrolytic etching 
were performed. Reagent used was 70% 
nitric acid for electrolytic polishing and 
10% chromic acid for electrolytic etch- 
ing. The metallographic structure dis- 
closed was replicated small celluloid 


ILVER 


far less 


SILVER PRIMOCON indeed 
standing development primer for 
underwater bare steel. has been 
conclusively proven that its use ma- 
terially retards corrosion. Outstand- 
ing results over million tons 
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plate method and the replica 
was observed with miscroscope for the 
tion.—J SPS. 8027 


6.2.5, 

Investigation Intergranular Oxi- 
dation Stainless Steel. Quarterly 
neering Research Inst., Univ. Michi- 
gan. Atomic Energy Comm., NP- 
4934, Quarterly Progress Report No. 
September, 1953, pp. 


The determination the effect 


temperature between 1600 and 2000 
intergranular oxidation corrosion 
stainless steel and examination the 
effects alloy composition are reported. 


IMOCON 


RIV 


shipping throughout the world. Mod- 
erately priced. Applied conven- 
tional methods. Equally effective for 
the protection new and old under- 
water steel marine equipment. Write 
for particulars circular form. 


Paint Company, Inc. 
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STOCKING 
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VALCO specializes epoxy and 
synthetic rubber linings 


VALCO ENGINEERING INCORPORATED 
BOX 3112, ISTROUMA STATION 
1070 NEOSHO AVE., BATON ROUGE, LOUISIANA 


Determination the nature the 
trating material areas intergranular 
attack and methods reducing 
nating intergranular penetration 


6.3 Non-ferrous Metals and 


Alloys Heavy 

Surface Reactions Chromium 
ERMAN AND Powers. Phys. Chem 
57, No. 139-142 (1953). 

The quantity chromate, dichromate 
hydrogen chromate ion sorbed 
chromium surface was measured directly 
sorption the metal were followed 
measurements the contact potential 
density against clean, smooth platinum 
standard. Maximum pick-up was not 
excess monolayer and the pres- 
solution sufficient concentration re- 
duced the pick-up, indicating that com- 
petitive adsorption 


6.3.6, 1.6 

Copper: The Science and Technology 

the Metal, Its Alloys and Compounds, 
Burts (Editor). Book, 1954, 
(American Chemical Society Monograph 
Series). Reinhold Publishing Corp., New 
York. 
Forty-six chapters spec- 
ialists, covering occurance, extraction 
and refining, powders, secondary copper, 
physical and chemical properties, corro- 
sion, alloys, melting and casting, work- 
ing, metallography, analysis, treat- 
ment, machining, jointing, cladding, 
applications, plating simpler compounds 
and biological aspects. Many the 
chapters have bibliographies. Author and 
subject indexes. 

Corrosion coverage: in- 
dex includes references 
aspects the corrosion copper from 
acid solutions water pipes. Chapter 
headed “Chemical Properties and Cor- 
rosion Resistance Copper and Copper 
Corrosion Section, British 
Metals Research Association, 
The author successively considers cop- 
reactions neutral and alkaline 
solutions, various chemicals, 
(with several types attack itemized), 
condenser tube corrosion, fresh waters, 
atmosphere, soils. Also covered are 
stress corrosion, stress corrosion 
brasses and other copper alloys, oxida- 
tion and scaling, electrode 
lationships and others. 7999 


6.4 Non-ferrous Metals and 
Alloys Light 


6.4.2, 3.2.3,5.9.4, 2.3.9 

Aluminum Surfaces Electron Dif- 
Soc., 50, Pt. No. 375, 269-273 (1954) 
March. 

Specimens consisted 99.995% 
num, mechanically polished, elec 
ished anodized. obtain 
smoothed surfaces specimens were 
lographically polished and then 
polished until electron diffraction 
revealed that the surfaces were 
carry out experiments. 
mination the thickness film 
ing after electropolishing, the 
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repolished and used again. Finch-type Pourbaix’s potential/pH diagram, boundary has a_potential value 2.44 
cold-cathode diffraction camera was used, predict its corrosion properties. 14. The diagram indicates that 
with 50-60 electrons and camera length The thermodynamic data are reduced the useful working range aluminum 
water acting super-purity aluminum 2Al H:O not stable with respect its oxides 
polished anodized, produces bubbles appropriate equations po- made completely stable cathodic pro- 
gas, presumably hydrogen, which tential terms ionic concentration Aluminum 
are observed certain points, and given for these reactions and where its oxide stable. Possible 
crystalline subtance detected elec- pairs give the final diagram. the oxide film are briefly con- 
tron diffraction. This crystalline substance Thus the potential for complete 
believed that the boehmite revealed solution given and the 6.4.2, 4.3.2, 
the changing direction patterns boundary between the region acidic The Dissolving Action Hydro- 
formed corrosion the and film protection Acid Aluminum. (In German). 
te, oxide film. initial film protection region and that caustic 273, No. 1/2, 96-100 (1953) July. 
one would expect obtain the film protection/cathodic acid aluminum proportional 
becomes asymptotic limiting boundary 2.001 Finally, the the acid concentration and reaches 
complete hydration. Experiment shows, 
ing. X-ray studies powdered alpha 
alumina, boiled distilled water 
conditions have shown 
during minutes boiling. The 
whether formed the pores 
the outer surface, probably arises 
combination aluminum ions and 
ions. are probably three 
reactions anodic attack the metal 
below the oxide Al*** 3e; ca- 
ion less than half that either 
phous film makes fairly certain that 
this the outward type movement. 
in- The driving force provided the 
rom The electron diffraction method for de- ghly prove 
7721 
the 
“OUS 6.4.2, 7.3 
Soldering Aluminium and Its Al- 
cop- with Hard (In Russian). 
Welding) (USSR), 24, No. 
ters, metallographic, and corrosion 
are were performed with aluminum and 
aluminum alloy parts soldered with hard 
solder containing copper 28, silicon and 
aluminum 66% (melting point 525° C), 
7999 using flux containing lithium chloride 
32, sodium fluoride 10, chloride 
and potassium chloride (melting 
point 420° C). The strength the 
parts was found satis- 
and breaking the specimens 
did not occur (with one exception) 
soldered joint. Metallographic ex- 
showed mutual interdiffusion 
the solder and the alloy, and atmos- 
corrosion did not affect the strength 
the soldered specimens. The method 
rably 
ctro- The Potential/pH Diagram for Alu- 
(and Its Significance Corro- HOUSTON, TEX. 
available thermodynamic data for 
then have been plotted the form 
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affected the speed with which the 
protecting film aluminum hydroxide 
dissolves. detail the speed solution 
affected the following factors: 
small the beginning during so- 
called “induction period” after which 
rises constant higher value. The 
duration the “induction period” de- 
pends the pretreatment the sample 
surface and the concentration the 
acid. The attack strongly affected 
the presence impurities, especially 
iron and silicon, well the action 
heat. rises rapidly with the con- 
centration the acid. reaches 


maximum 9N. Stirring does 
not affect the speed 

7691 
6.4.2, 6.2.5 


Phenomena and Laws Metallography: 
Aluminium Alloys Heat-Resistant 
Austenitic Alloys. (In French). 
Rev. Met., 50, No. 12, 809-816 
(1953) December. 

Discusses parallel phenomena (effect 
addition elements properties, thermal 
expansion behavior, corrosion cracking, 
etc.) occuring precipitation-hardening 
aluminum alloys and austenitic ferrous al- 
loys and useful indications 

7799 
6.4.2, 6.4.4 

Observations Light Alloy Contin- 
uous Castings Produced Commercially. 
(In German). Aluminium, 
29, No. 12, 497-508 (1953) December. 

Investigation segregation, cracking, 
surface defects, micro-structure, strength, 
etc. continuously cast 
magnesium 7822 


6.4.4 

Contribution Magnesium Refin- 
ing. Ernst MANN. Metallkunde, 
44, No. 264-266 (1953). 

Magnesium melts can freed from 
iron, silicon, and aluminum consid- 
erable extent, and lesser degree 
from manganese, the addition zir- 
conium. The added zirconium can then 
or, less effective, chlorine, without loss 
purity other respects. The removal 
zirconium can controlled means 
fracture specimens without the need 
for analysis. Magnesium refined this 
corrosion-resistance. 


way has excellent 
7814 
6.4.2, 5.9.4 


Electron Currents Thin Oxide Films 
Phys. Soc. (London), (B) 66, No. 533- 
541 (1953). 

field strengths lower than those 
required for anodiznig aluminum [cf. ibid., 
No. 317-319 (1953) April] small cur- 
rents are still observed which not, 
however, lead the growth the 
anodic film. This electron current should 
theoretically sinh BF, where 
the field across the film, and and 
depend the temperature 
height. and have been measured. 
When this expression added the 
current formula, comprehensive 
current-voltage formula obtained good 
agreement with experiment—MA. 7431 


6.4.2, 5.9.2 

Aluminium Polishing. Light Metal Age, 
11, No. 3/4, (1953) April. 

“Alchemize” non-electrolytic process 
which all alloys aluminum, except 
silicon castings, may cleaned and 
brightened mirror finish. Equip- 
ment involved “Alchemize” solution 
tank, heated and two 
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rinse tanks. The aluminum 
cleaned greases, oils soils before 
“Alchemizing.” Parts are racked bas- 
ket dipped, and immediately following 
the dip are rinsed cold water, trans- 
ferred second rinse containing 
percent nitric acid and water solu- 
tion, and re-rinsed water.—ALL. 7170 


6.4.2, 5.9.2 
How Prepare Aluminum for Paint- 
60, 62, 67-68 (1953) July. 
Cleaning processes and 
Photographs.—MR. 


equipment. 
7236 


6.4.4, 3.7.2, 3.5.8 

Further Progress the Development 
Magnesium-Zirconium Alloys Give 
Good Creep and Fatigue Properties Be- 
tween 500° and 650°F. (260° and 370°C). 
Metals (Trans. AIME), No. 924- 
931 (1953). 

study has been made the creep 
and fatigue properties magnesium- 
metall (1.4-4.0%)-zirconium (0.7%), and 
magnesium-thorium (0.7- 
the green sand-cast condition, with and 
without-solution treatment. The results 
show that the magnesium-thorium-zinc- 
zirconium alloys, when free from cerium- 
Mischmetall, have high level creep 
resistance temperatures 600°F. 
(315°C.) and above. The optimum prop- 
erties are obtained ratio thorium: 
1.3; this corresponds nomi- 
nal composition thorium and 
2.5%, and such material with the com- 
position (for specification purposes) 
thorium 2.5-3.5, 1.75-2.5, and zirco- 
nium 0.7% designated Elektron Mag- 
nesium alloy ZT1. possesses superior 
creep-resistance the equivalent zinc- 
free alloy, has good fatigue properties 
combined with good tensile properties— 
which are well retained over the range 
good 
corrosion-resistance. The alloy easily 
sand-cast, free from micro-porosity, 
and shows little tendency hot-cracking. 
7415 


6.4.4, 7.1 

Magnesium the Fore. Chem. Eng. 
News, 31, 4778, 4781 (1953) Nov. 16. 

Briefly describes chemical surface treat- 
ments magnesium for resisting corrosion 
and abrasion. Also discusses experiments 
using magnesium powder fuel in- 
ternal combustion 7309 


6.4.5, 3.2.3, 3.8.4 

Kinetics the Reaction Between 
Lithium and Water Vapor. Bruce 
Svec. Ames Lab. (ISC- 
390), July, 1953, pp.; Am. Chem. 
Soc., 75, 6173-6175 (1953) Dec. 20. 

critical examination the reaction 
between lithium and water vapor has 
been made 35.0, 45.0, 55.0, 65.0, and 
75.0°C. Analyses the products indi- 
cated that lithium hydroxide and hydro- 
gen are the species formed, corresponding 
Three rate variables have been ex- 
amined for this reaction: time, pressure, 
and temperature. The reaction data have 
been found obey the logarithmic rate 
law w=k log where 
weight water reacted per unit area 
lithium surface, time, and the 


rate constant. Reaction rate decreases 
function pressure any particular 
temperature, becoming independent 
the water-vapor pressure when the pres- 
sure reduced below certain 
The Arrhenius equation 
+c, where rate constant, 
energy, 
temperature, and and are constants, 
was used determine the activation 
energy. Values for the activation energy 
the lithium-water vapor reaction were 
estimated 6.2 kcal/mole when the 
water vapor pressure was about 
and 5.5 when the water 
vapor pressure was approximately 100 
mm. Hg.—NSA. 7435 


6.6 Non-Metallic Materials 


6.6.4 

Delanium Carbon and Graphite. 
Research (London), No, 
29-35 (1953) Jan. 


Properties, uses and 


Delanium carbon and graphite. raw 
material with chemical 
properties intermediate 


and pitch, such coking coal, used 
the manufacture Delanium 
cement particles coke. The corro- 
sion resistant qualities the 


coupled with its high thermal 
tivity which higher than that most 
metals, for example mild 


steels, make ideal materia! for 

Illustrations, 
6141 


6.6.4, 8.8.1 

Carbon and Graphite for Chemical 
Process Eng., 34, 315-320 (1953) October. 

Describes manufacture 
carbon and graphite and equipment 
made these materials such ex- 
changers, packed towers, pumps, and 
ejectors. Shows how corrosion resistance 
makes possible wide range special 


ences.—BTR. 7841 


6.6.6 

Determination Progressive Corro- 
sion Glass Tank Refractories. 
University Missouri, School Mines 
Metallurgy (Technical Series), No. 
1-28 (1952) Dec. 

dealing with slag attack refractories 
given. The viscosity the 
liquid contact with refractory was 
used measure the progressive 
solution the refractory. itional 
tests included Pyrometric Cone 


lent test, hot load test, and the cav- 
ity 7734 
6.7 Duplex Materials 
6.7.2 
Metal-Ceramic Wall 
Age, 172, No. 18, 100-101 (1953) 


October 29. 
The metal-ceramic LT1 (Hay: Stel- 


lite Co.) 77% chromium 23% 
aluminum oxide. The metal 
good thermal conductivity shock 
resistance; the aluminum oxide 
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high melting point, and gives resistance 
deformation, oxidation and solution 
attack molten metals. The thermal 
conductivity about that cast iron. 
in, wall round the thermocouple well 


Cemented Carbide Families Grow. 


130, (1952) April 21. 

Discusses above. Includes new 
developments, properties, corrosion and 
heat-resistance data and applications.— 
BTR. 6697 


EQUIPMENT 

7.1 Engines, Bearings and 
Turbines 


7.1, 3.7.4 
Investigation Effects Grain Size 


Upon ngine Life Cast AMS 5385 Gas 
Lewis Flight Propulsion Lab. 
July 1953, pp. 
determine the effects 
pouring temperature and grain size 
lives and initial failure 
times groups experimentally cast 
AMS (containing 2.5 and 1.75-3.75% 
nickel) 2as turbine blades aged hours 
and relate individual lives 
blades grain sizes, Grain sizes 
varied 4-11, 200 (ASTM grains 
per section. Commercially pro- 
duced 5385 blades were used 
group. The blades were oper- 
ated small gas turbine 1450°F. 
and stress 19,000 Ibs. per 
square correlation was found be- 
tween grains per blade cross 
section and blade life for the experi- 
cast blades; longer life was as- 
with the coarser sizes. 


Initial time and uniformity 
life was better for the experimentally 
cast blades poured the higher nominal 
temperature than those poured the 
lower nominal temperature. Experi- 
mentally cast coarse-grained blades had 
better uniformity, similar initial failure 
time, but lower mean life than group 
commercially cast coarse-grain blades. 
Appendix, illustrations, 
7739 


Plating Internal En- 
51, No. 53-55 (1953). 

study was made the effectiveness 
protective coating for internal en- 
gine parts, various combinations 
electrodeposited nickel/zine and cad- 
mium/tin. The metals were applied con- 
secutively and alloved heat-treatment 
(370°C.) the case nickel/- 
and (165°C.) the case 
cadmium/tin. The degree protection 
assessed operating treated air- 
engines for hr. and subsequent 
sea-air for days. The 
coatings were .shown 
excellent protection against corro- 
The plated surfaces were shown 
very good condition after 500 
Schedules for hand and 
automatic plating are 7707 


6.3.8 


The Development Copper-Silver- 
Alloy for Bearings. LLEWELYN. 
48, No, 289, 215-220 (1953). 
bearing alloy containing copper 30, 
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You can solve your 


corrosion problems using 


OUGH CORROSION PROBLEMS can 
solved, but not using ordinary 
paints conventional protective coat- 
ings. For long-term protection, takes 
specialized protective coatings the 
Bitumastic Coatings Koppers makes. 
Take these stacks, for example. Heat 
caused ordinary coatings “give up” 
two weeks month. Then, one 
thin coat Bitumastic® Hi-Heat Gray 
was applied. After four years’ service, 
this specialized coating was good 
condition. 
Hi-Heat Gray resists intermittent 


Bitumastic Coatings 


contains metallic zinc powder which, 
high temperatures, tends fuse 
the underlying steel, providing pro- 
tection similar metallic zinc. 

one coating can stop all kinds 
corrosion. Therefore, Koppers makes 
entire family Bitumastic Protec- 
tive Coatings. Send for free booklets 
describing them. the same time, tell 
about corrosion problem that 
can recommend method for its 
satisfactory solution. There obli- 
gation, course. 


KOPPERS COMPANY, INC. 


Tar Products Division, Dept. 404-T, Pittsburgh 19, Pennsylvania 
DISTRICT OFFICES: BOSTON, CHICAGO, LOS ANGELES, NEW YORK, PITTSBURGH, AND WOODWARD, ALA. 
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PROTECTIVE 


KOPPERS 
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silver 30, and lead 40% has been de- 
veloped laboratory scale. can 
readily bonded mild steel, using normal 
casting techniques, and fulfills the major 
requirements bearing alloy. some 
instances the properties are equal to, 
and others better than, those the 
usual The mechanical properties 
elevated temperatures are better than 
those the tin-base alloy, while the 
compressive strength temperatures 
equal that the copper-30% lead al- 
loy and much better than the tin-base 
alloy. Thus, the alloy should quite 
suitable for use with high loads bear- 
ing temperatures and should not suffer 
from fatigue failure. The coefficient 
friction low owing the formation 
thin surface film lead during 
running. The corrosion-resistance, al- 
though not high that the tin- 
base alloy, good enough ensure 
serious trouble, and the alloy can ac- 
commodate foreign matter sufficient 
amount ensure trouble-free running. 
—MA. 7751 


7.1, 8.9.5, 2.2.4 

Operation Marine Gas Turbine 
Under Sea Conditions. AND 
Trans. Inst. Marine Engrs., 
65, No. 12, 277-304 (1953) Dec.; con- 
densed version: Shipbuilding and Shipping 
Record, 82, No. 21, 676-679 (1953) Nov. 19. 

Details the results obtained over 
two years with the first gas turbine 
used for the propulsion 
chant ship (the Auris). The machinery 
layout described and the general per- 
formance the turbine set under vary- 
ing sea and atmospheric conditions 
outlined. Each component discussed 
separately, including the effect salt 
the air the compressors and fuel 
ash turbine blading. Particulars are 
given mechanical defects encountered 
and information given regarding the 
heat resisting properties special steels 
employed and the composition de- 
posits found the 
bine and heat exchanger.—BNF. 7747 


7.2 Valves, Pipes and Meters 


7.2, 8.4.3, 3.5.8 

Vulnerability Drill Pipe Corro- 
sion Fatigue. STANLEY Moore AND 
Farr. World Oil, 137, 200, 202, 
204, 206, 208 (1953) October. 

Discusses corrosion problems drill- 
ing oil wells the Permian Basin. Graph, 


7.2, 8.8.1 

Small Corrosion-Resistant Valves for 
Remote Chemical Service. 
Brookhaven National Lab., May 1952, 
8pp.; Nucleonics, 10, No. 12, 72-73 (1952) 
Dec. 

the chemical processing highly 


Cathodic Protection 


CORROSION SERVICE LIMITED 
Offers CANADA 


A Complete Service in Corrosion Engineering, 


Design and Installation of Cathodic Protection 
Systems. 
Resistivity and Electrolysis Surveys. 
Selection and Application of Protective Coatings. 


King St. East, Toronto, Canada 
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radioactive materials, valves are needed 
that are resistant corrosion all 
strong acids and alkalies 105°C. 
The squeeze valve, developed for use 
Tygon tubing, stainless steel. The 
diaphragm valve, for use with rigid 
tubing, Type 304 stainless with 
hardware and fittings Types 303 and 
304 stainless steel, respectively. 

884 


7.3 Pumps, Compressors, 
Propellers and 


Nickel Plating Aluminium Propeller 
Blades. Plating, 40, No. 774-775 (1953). 

short account the development 
rubber-bonded plated-nickel coating 
solid Duralumin propeller blades 
given. Use conventional methods for 
plating aluminum did not produce 
the quality plating required for the 
severe service conditions, and the coat- 
ing failed owing rapid galvanic cor- 
rosion caused the nickel/aluminum 
couple. Illustrations, but 
details the process, are included.— 


7802 


7.4 Heat Exchangers 


7.4.2 

Calculation and Installation Copper 
Tube Radiation Heating. (In French 
and German). Pro-Metal, 
No. 33, 167-182 (1953). 

Data for the calculation the loss 
pressure copper-tube circuit are 
given and number examples are 
worked out. The full calculation neces- 
sary for projected installation re- 
viewed; the following steps are necessary 
calculation heat losses; calcula- 
tion radiating area; inclusion the 
ceiling radiation panel area the plan 
the building; and calculation the 
distributing circuit. may more eco- 
nomical use copper tubes for the 
heating circuit and iron pipes for distri- 
bution; there some risk galvanic 
corrosion points contact, but insu- 
lating inserts replaceable joint fittings 
can overcome this 7767 


Air-Preheater Design Affected 
Fuel Characteristics. 
AND Trans. Am. Soc. 
Mech. Engrs., 75, 711-718; disc., 718-722 
(1953) July. 

Discusses equipment design pre- 
vent corrosion and plugging. Graphs, 
diagrams.—BTR. 


7.4.2, 7.6.4, 4.2.3 
Work Great Britain Corrosion 
and Deposits Air Preheaters. 


Again in 1953, we led all contractors in 
Magnesium Anodes installed 


JB cATHODIC PROTECTION INSTALLATION 
(Complete job or installation only} 


PIPELINE 


Berk. Dept. Interior. Eng 
75, No. 545-546 (1953) July. 

Report information obtained 
England from the Boiler Availability 
Committee. Lab findings include 
methods for its removal from the flue 
methods for its determination and 
predicting whether the 
content dangerously high. Good cor. 
relation obtained between 
dew-point measurements and corrosion 
probe findings. Most serious 
occurs 40-80° below the dew-point, 
and the corrosion probe 
this temperature range the most 
troublesome for corrosion and deposits, 
Immunity period new boilers, and the 
heaters are 7650 


7.4.2, 1.6 

Bridgeport Condenser and Heat Ex. 
changer Tube Handbook. 1953, pages 
Bridgeport Brass Co., Bridgeport, Conn, 

This comprehensive book covers the 
Bridgeport Brass Company’s condenser 
tubes from the development con- 
denser tube alloys, through 
Corrosion from water, impingement, de- 
corrosion, galvanic corrosion, 
vibration corrosion and the 
duplex tubing corrosive environments 
are covered detail. Many tabies and 
graphs data are given permitting 
comparison the characteristics 
several common types Numer- 
ous discussions tubing installations 
industry, including petrochemical, 
petroleum refining, chemical processing, 
sugar refining, refrigeration and steam 
power plants, are given. 6064 


7.5.2, 4.3.2 

and Eng. Chem., 44, No. 11, 
140A (1952) Nov. 

venting drum plug cast iron 
embodying disk carbon used 
adequately and effectively permit the 
escape sulfuric acid fumes without 
danger acid spillage. Diagrams and 
5880 


7.6 Unit Process Equipment 


7.6.4 

Bimetallic Water Heaters Brazed 
for Strong, Tight Joints. 
Iron Age, 172, No. 19, 176-177 (1953) 
Nov. 

Water heaters, steel shect lined 
with thin copper sheet for corrosion 
protection, are manufactured 


brazing soldering the 


7.6.4 
Causes and Prevention Corrosion 
Soldered Seams Water Heaters. 


due contact different with 
reference also other factors such 
stray currents. pointed out that 
contact corrosion can only 
complete tinning lacquerin: the 
inside the heater.—BNF. 7232 


7.6.4 
Pressurizing HPHW with 

Nitrogen and 
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terrain! Only Carey offers this complete line, backed over 
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CAREY GLASS reinforce the coating, 
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shields the reinforced coating against the 

that cause soil stress, pressure points 

and cold flow shield field-proved 
over quarter century service. 


CAREY PIPELINE PADDING The original pad- 
ding, developed for pipeline protection. 
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with the shape the pipe, without grooving 
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Proper protection your coatings assured 
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Heating, Piping, Air Conditioning, 25, No. 
84-87 (1953) February. 

high pressure hot water system 
(HPHW) usually signifies one working 
pressures from about 250 psig 
over. Methods pressurizing are 
elevated tank, artificial head, 
steam, gas, such air nitrogen. 
Variations pressurizing air ni- 
trogen, use nitrogen instead air, 
effect pressure solubility, and cor- 
rosive effect oxygen are discussed. 
Pressurization with nitrogen instead 
air minimizes internal corrosion. Dia- 
grams, tables and photograph.—INCO. 

6952 


7.6.4, 1.3, 3.5.8 

Caustic Cracking Marine Scotch 
Boilers. (Abridged Form 
Res. Assoc.) Engineering, 175, 219-220 
(1953) Feb. 13. 

erature. Discusses intercrystalline frac- 
tures which occur boiler components 
under influence static 
centrations and contact with fairly 


concentrated solutions sodium hydrox- 
ide. 7122 


7.6.4, 4.6.2, 5.7.7 

Water Treatment for Low-Pressure 
Heating Boilers. Water 
Service Laboratories, Inc., New York. 
Power, 97, No. 118-119 (1953) Aug. 

Corrosion and scale formation low- 
pressure boilers can held mini- 
mum maintaining the boiler water 
hydroxide alkalinity 100-350 ppm. 
and total alkalinity 300-500 ppm., both 
expressed calcium carbonate. This 
done initially dosing the boiler water 
with such chemicals sodium ortho- 
metasilicate, sodium carbonate, trisod- 
ium phosphate, alkaline sodium chro- 
mate and, depending condensate losses 
and amount blowdown, periodically 
adding sufficient treatment chemical 
the feed water maintain these alka- 
linity levels. Alkalinities 1000 ppm. 
harm, 

Intelligent operation for minimizing 
corrosion and scale damage requires 
knowledge boiler capacity, analysis 
untreated boiler water and raw feed 
water, and constant check-up for pres- 


ence leaks and other sources loss. 
—PDA. 7798 
7.6.6, 8.4.3 


Corrosion Sulfate Digesters Nor- 
wegian Mills. (In English). 
Norsk Skogind.,7, No. 11, 382-388 (1953) 
Paper Ind., 36, No. 412 (1954) July. 

Survey comprises the visual inspec- 
tion scale and corrosion patterns and 
Audigage wall thickness measurements. 
Corrosion rates are less than 0.9 mm. 
per annum, those mills which had 
recently installed spray-type recovery 
furnaces, the corrosion rate increased 
considerably (due possibly increased 
sulfidities the white liquors). Data 
obtained Norway are the same 
those other countries. Corrosion rates 
were compared terms millimeters 
per 1000 cooks, rather than millimeters 
corrosion per annum. Differences are 
shown bar graph. Possible causes 
corrosion are discussed from the stand- 
point steel composition and structure, 
liquor composition and digester operat- 
ing practice. Photomicrograph taken 
the edge test plate after year’s ex- 
posure digester shows the preferen- 
tial attack the ferrite. discussing 
the yet incompletely understood causes 


corrosion, the author recommends 
lar digester inspection, with the object 
correcting localized attack before 
damage results and keeping mill man. 
agement fully informed the extent 
such corrosion. the present, Nor. 
wegian mills have not encountered the 
excessive attacks reported some 
eign 7855 


7.6.6, 8.5.3 

Corrosion Kraft Digesters. 
56, No. 22, 857-865 (1953); Paper 
35, No. 11, 1242 (1954) Feb. 

Interim report concerned with the cor- 
rosive action various components 
the white liquor and with the 
composition steels used 
construction mills. Composition 
the white liquor has definite 
ing amounts sodium sod- 
ium hydroxide, and 
sion means inhibitors; but, date, 
those which were studied were 


too expensive. With high and 
silicon content the steel, corrosion 
seems increase. Various welding ma- 
terials investigated show 
resistance corrosion; those low 
silicon content seem the re- 
7809 


7.7 Electrical-Telephone and 
Radio 


How Select Connectors for 
nium Conductors. Dupri. Mate- 
rials and Methods, 38, No. (1953). 

The problems created the use 
aluminum replace copper for electri- 
cal purposes are reviewed. considera- 
tion the three factors involved 
designing the contact area con- 
nector given, and the additional prob- 
lems correct strength 
the connector are outlined. Galvanic 
corrosion aluminum contact with 
dissimilar metals discussed, 
prevention oxidation joints men- 
tioned. The industrial applications, adapt- 
ability, and properties 
and connectors are also referred to— 


MA. 7730 


The Influence the Oxidizing Effect 
Atmospheric Air the Performance 
Electrical Contacts. (In German). 
Schweiz. Arch. angew. 
Tecknik, 19, No. 177-184 (1953) June. 

The behavior contacts 
tungsten, copper, silver, 
nickel, 94:6 silver-cadmium 
92.5:7.5 silver-copper was ex- 
one switch 50,000 
test. The contact resistance and the 
the contacts were 
and after the test. The oxidation 


small sheet specimens 
500° and 700°C, and special 
devised examine the adhesio the 
oxide the surface, Contact 
and weight loss were also 
tests using 220-V., 20-amp., 
one switching operation every 
sults are given for the various and 
number examples cal ap- 
plications for various contact aterials 
are 7865 
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April, 1955 CORROSION ABSTRACTS 


EXCLUSIVE! New 
green adhesive 
contains special 

corrosion- 
inhibitor 


G. U.S. PAT. OFF 


New Improved SCOTCHRAP 


BRAND 


First the field...still the leader! 


New! Super-conformability high 
low temperature. Field reports indicate 
satisfactory application 0°-10°F. 


New! Increased adhesion cold temper- 
atures. 


New! Green corrosion-inhibitor built 
the adhesive. 


can SMALL LARGE! “SCOTCHRAP” sold the square 
Plus the regular advantages! applied hand 1”, 2”, 4”, and widths. Two thicknesses: 


machine—in hurry! mils (No. 50), and mils (No. 51). 
Tough vinyl plastic resists abrasion above 


adhesive sticks tight SCOTCHRAP Pipe Insulation 
and holds. 


THE TERM 
MINNESOTA MINING AND MFG. CO., ST. PAUL 6, MINN. EXPORT SALES OFFICE: 99 PARK AVENUE, NEW YORK 16, N.Y. IN CANADA: P.O. BOX 757, LONDON, ONTARIO. 


AND THE PLAID DESIGN ARE REGISTERED TRADEMARKS FOR THE MORE THAN 300 PRESSURE-SENSITIVE ADHESIVE TAPES MADE U.S.A. 
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REG. U.S. PAT. OFF. 
7863 


112 CORROSION-NATIONAL ASSOCIATION CORROSION ENGINEERS 


Applying long-term 
pipeline protection 


Wrapping and 10” Lake Country Gas Company natural 
gas line with Trantex Tape using Tapester wrapping machine. 
Line will serve the outlying commuter area Cleveland. 
Trantex was used primarily because soil was extremely corro- 
sive. Line was several miles length. 


Trantex Tape cold-applied, 
sticks contact, bonds enamel 


recommended for 


Gas distribution systems 

Pipe lines difficult terrain 

Field joints mill-coated and wrapped 
pipe 

Transmission pipe lines 

Overhead piping 


Wherever pipe lines require long-lasting, corrosion-defy- 
ing protective material...and easy, quick application 
Tape ideal. This pipe line coating 
can applied hand with simple wrapping devices. 
need for heavy-duty equipment trained personnel. Trantex 
Tape sticks contact, forms firm, stable bond either 


pipe enamel conforms irregular surfaces. 


For further information, 
write Johns- Manville, Box 60, New 
York 16, Y.; Canada, 565 Lake- 
shore Road East, Port Credit, Ontario. 


addition on-the-job application, Trantex Tape 
widely used field-welded joints mill-wrapped pipe 
provide corrosion protection these critical points. 


PROTECTS PIPELINES AGAINST CORROSION 
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For the service! 


(for hot, concentrated sulfuric acid and other corrosives too severe for the stainless alloys) 


All parts contact 
with the solution are 
DURIRON 


DURICHLOR 


Corrosion resistant ex- 
terior trim: Yoke, yoke 
flange, gland, and gland 
follower are Durimet 

20. Bolts, nuts, and yoke 
bushing are 18-8. 


Valves are furnished with 
V-ring packing for 
positive stem sealing. 


Sturdy construction 
throughout for 
imum service life. 


TYPE VALVES DURIRON 
ARE AVAILABLE FROM STOCK 


CORROSION 


THE DURIRON COMPANY, Inc. Write for Bulletin 


Dayton Ohio 


4 
| 


BIG Investment Corrosion Conditions 
That Calls for PITT CHEM Protection! 


You can’t afford use measures when 
protecting costly offshore drilling equip- 
ment against corrosion. For dealing with 
highly destructive combination salt air, salt 
spray, sea water immersion, petroleum products 
and often chemical vapors. These elements work 
through ordinary paints short order. takes 
tough, thick, heavy-duty protective coating 
effectively fight these metal-eating conditions. 

Pitt Chem’s broad family special purpose 
tar base coatings fit the bill every particular. 
They control practically every major type 
corrosion. They are economical and easy 
apply. other material does such complete 
job protection little cost. 

find the same peak quality Pitt Chem 
Cold Applied Coatings that you’ve come expect 


Pitt Chem Pipeline Enamels which protect 
many major underground transmission lines 
against corrosion. Call for Pitt Chem corrosion 
engineer today survey your specific problems. 
call wire will place him your immediate 
service. 


W&D 5567 
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